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MULTIPLY-SUBSTITUTED PROTEASE VARIANT AND 
AMYLASE VARIANT-CONTAINING CLEANING COMPOSITIONS 



FIELD OF THE TNVFNTION 
The present invention relates to cleaning compositions which comprise one or more 
protease enzymes which are multiply-substituted protease variants and one or more 
amylase enzymes which are amylase variants. More particularly, the present invention 
relates to laundry detergent compositions, dishwashing detergent compositions, hard 
surface cleaning compositions and personal cleansing compositions which comprise one or 
more multiply-substituted protease variants and one or more amylase variants. 

BACKGROUND O F THE TNVENTION 
Various types of enzymes have long been used in laundry detergents to assist in the 
removal of certain stains from fabrics. Each class of enzyme (amylase, protease, etc.) 
generally catalyzes a different chemical reaction. For example, protease enzymes are 
known for their ability to hydrolyze (break down a compound into two or more simpler 
compounds) other proteins. This ability has been taken advantage of through the 
incorporation of naturally occurring or engineered protease enzymes to laundry detergent 
compositions. 

In recent years the use of enzymes has also been investigated for use in automatic 
dishwashing compositions. Unfortunately, many enzymes, such as many conventional 
protease enzymes, do not translate well into the wash environment. Specifically, thermal 
stability, pH stability, oxidative stability and substrate specificity need to be optimized to 
ensure satisfactory performance. 

U.S. Patent No. RE 34,606 to Estell et al. discloses the modification of subtilisin 
amion acid residues corresponding to positions in Bacillus amyloliquefaciens subtilisin 
tyrosine -1, aspartate +32, asparagine +1 55. tyrosine +104, methionine -*-222, glycine +166, 
histidine +64, glycine +169, phenylalanine + 1 89, serine +33, serine +221, tyrosine +217, 
glutamate +156 and alanine +152. 
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U.S. Patent No. 5, 1 82,204 discloses the modification of the amino acid +224 
residue in Bacillus amyloliquefaciens subtilisin and equivalent positions in other subtilisins 
which may be modified by way of substitution, insertion or deletion and which may be 
combined with modifications to the residues identified in U.S. Patent No. RE 34,606 to 
form useful subtilisin mutants or variants. U.S. Patent No. 5,182,204 further discloses the 
modification of many amino acid residues within subtilisin, including specifically +99, 
+ 101, +103, +107, +126, +128, +135, +197 and +204. 

U.S. Patent No. 5,679,630 to Baeck et al. discloses cleaning compositions 
comprising a protease variant including substitutions of amino acid residues with other 
amino acid residues at positions corresponding to position 76 in combination with one or 
more of the following positions 99, 101, 103, 104, 107, 123, 27, 105, 109, 126, 128, 135, 
156, 166, 195, 197, 204, 206, 210, 216, 217, 218, 222, 260, 265 and/or 274 of Bacillus ' 
amyloliquefaciens subtilisin, and one or more cleaning composition materials. 

In addition to protease enzymes, amylase enzymes have been used for a variety of 
different purposes, the most important of which are starch liquefaction, textile desizing, 
starch modification in the paper and pulp industry, and for brewing and baking. A further 
use of amylases, which is becoming increasingly important, is the removal of starch 
containing soils and stains during the washing of fabrics, hard surfaces, and/or dishes. 

WO 94/18314 (Genencor) published August 18, 1994, WO 94/02596 (Novo) 
published February 3, 1994, and WO 95/10603 (Novo) published April 20, 1995, describe 
cleaning compositions which incorporate mutant amylases. 

Other amylases knovwi for use in cleaning compositions include both a- and |3- 
amylases. a-Amylases are known in the art and include those disclosed in U.S. Patent Nos. 
5,003,257; EP 252 666; WO 91/00353; FR 2,676,456; EP 285 123; EP 525 610; EP 368 
341; and British Patent Specification No. 1,296,839 (Novo). 

WO 95/26397 (Novo) published October 5, 1995 discloses an a-amylase having a 
specific activity at least 25% higher than the specific activity of Termamyl® at a 
temperature range of 25°C to 55°C and at a pH value in the range of 8 to 10. 

WO 98/05748 (P&G) published February 12, 1998 discloses variants of the a- 
amylases described in WO 95/26397 used in detergent compositions. 

WO 98/30669 (Henkel) published July 16, 1998 discloses a protease and amylase- 
containing detergent composition wherein the protease is a protease mutant in which the 
amino acid leucine present in position 21 1 (BLAP counting method) in the wild-type 
protease is exchanged at this location for an aspartic acid or glutamic acid, and the amylase 
is an amylae mutant in which at least one methionine, tryptophan, cysteine or tyrosine 
present in the wild-type amylase is removed or exchanged for another amino acid which is 
in particular not cysteine or methionine. Examples of amylase mutants suitable for use in 
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the compositions of WO 98/30669 are disclosed in WO 94/02597 (Novo), WO 95/10603 
(Novo) and WO 94/1 83 14 (Genencor) and are commercially available as Duramyl® 
(Novo) and Purafect OxAm® (Genencor). 

However, there continues to exist a consumer need for cleaning compositions that 
provide more enhanced and/or improved cleaning (removal and/or reduction) of soils 
and/or stains from substrates over conventional enzyme-containing cleaning compositions 

By the present invention, it has been found that the combination of novel protease 
enzymes which are multiply-substituted protease variants and amylase enzymes which are 
amylase variants, especially a-amylase variants, provide enhanced and/or improved soil 
and/or stain removal benefits over conventional enzyme-containing cleaning compositions 
and/or over cleaning compositions containing the novel protease enzymes of the present 
invention in the absence of the amylase enzymes of the present invention. 

Further, it has been surprisingly found that cleaning compositions comprising the 
novel combination of the novel protease enzymes of the present invention with the amylase 
enzymes of the present invention provide superior cleaning benefits over the cumulative 
cleaning benefits provided by cleaning composhions comprising one or the other, but not 
both, of the novel protease enzymes of the present invention or the amylase enzymes of the 
present invention. 

Accordingly, it is an object of the present invention to provide cleaning 
compositions, especially laundry detergent compositions and/or dishwashing detergent 
compositions, having improved soil and/or stain removal benefits and/or fabric cleaning 
benefits. 

Further, the specific combinations claimed in the present application are not 
identified in any of these prior art references. 

SUMMARY OF THR TNVFNTTON 
The present invention meets the aforementioned needs in that it has been 
surprisingly discovered that the multiply-substituted protease variants of the present 
invention, when used in combination with the amylase variants of the present invention in 
cleaning compositions provide improved and enhanced cleaning ability, including, but not 
limited to, stain and/or soil removal and/or reduction and/or whiteness maintenance and/or 
dingy cleanup and/or spot and/or film removal and/or reduction, over conventional enzyme- 
containing cleaning compositions. 

The multiply-substituted protease variants and amylase variants of the present 
invention are suitable for use in high and low density granular, heavy duty and light duty 
liquids, tablets, as well as synthetic detergent bar compositions, and other cleaning 
compositions. 
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In one aspect of the present invention a cleaning composition comprising- 
(a) a protease variant, preferably an effective amount of a protease variant more 
preferably from about O.OOOlo/o to about 10% by weight of the cleaning composition of a 
protease variant, wherein said protease variant includes a substitution of an amino acid 
res,due with another naturally occurring amino acid residue at an amino acid residue 
position corresponding to position 103 of Bacillus amyloliguefaciens subtilisin in 
combination with a substitution of an amino acid residue with another naturally occurring 
amino acid residue at one or more amino acid residue positions corresponding to positions 
1.3,4,8,9,10,12, 13.16,17,18,19,20,21,22,24,27,33,37,38,42,43,48 55 57 58 
61. 62, 68, 72, 75, 76, 77, 78, 79. 86, 87, 89, 97, 98, 99, 101, 102, 104, 106. 107 li)9 'ill' 
114,116.117,119,121,123. 126.128, 130,131.133,134,137.140.141,142 'l46 '147 ' 
158, 159, 160, 166, 167, 170. 173, 174. 177. 181, 182, 183. 184. 185. 188, I92' 194' 198' 
203, 204. 205. 206. 209, 210, 21 1. 212, 213, 214, 215. 216. 217. 21 8, 222. 224.' 227' 228' 
230, 232. 236. 237. 238. 240, 242. 243. 244. 245. 246, 247, 248, 249, 251 252 253' 254' 
255, 256, 257, 258. 259, 260. 261. 262. 263, 265, 268, 269, 270, 271. 272, 274 and ^75 ' 
oi Bacillus amyloliquefaciens subtilisin; wherein when said protease variant includes a 
substitution of amino acid residues at positions corresponding to positions 1 03 and 76 there 
IS also a subtitution of an amino acid residue at one or more amino acid residue positions 
other than amino acid residue positions corresponding to positions 27. 99 101 104 107 
109. 123. 128. 166.204.206,210.216.217,218.222,260,265or274of5«c^/,« ' 
amyloliquefaciens subtilisin; 

(b) an amylase variant, preferably an effective amount of an amylase variant mor^ 
preferably from about O.OOOlo/. to about IQo/o by weight of the cleaning composition 'of an 
amylase variant, wherein said amylase variam is selected from the group consisting of: 

(i) a-amylase characterized by having a specific activity at least 25% 
higher than the specific activity of Termamyl® at a temperature range of 25°C to 55<'C and 
at a pH value in the range of 8 to 10. measured by Phadebas® a-amylase activity assay 
and/or; 



(ii) a-amylase according to (i) comprising the amino acid sequence shown 
in SEQ ID No. 1 or an a-amylase being at least 80% homologous with the amino acid 
sequence shown in SEQ ID No. 1 and/or; 

(iii) a-amylase according to (i) comprising the amino acid sequence shown 
m SEQ ID No. 2 or an a-amylase being at least 80% homologous with the amino acid 
sequence shown in SEQ ID No. 2 and/or, 

(iv) a-amylase according to (i) comprising the following amino acid 
sequence N-terminal: His-His-Asn-Gly-Thr-Asn-Gly-Thr-Met-Met-GIn-Tyr-Phe-Glu-Trp- 
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Tyr-Leu-Pro-Asn-Asp (SEQ ID No. 3) or an a-amylase being at least 80% homologous 
with the amino acid sequence shown (SEQ ID No. 3) in the N-terminal and/or; 

(v) a-amylase according to (i-iv) wherein the a-amylase is obtainable 
from an alkalophilic Bacillus species and/or; 

(vi) a-amylase according to (v) wherein the amylase is obtainable from any 
of the strains NCIB 12289, NCIB 12512, NCIB 12513 and DSM 935 and/or; 

(vii) a-amylase showing positive immunological cross-reactivity with 
antibodies raised against an a-amylase having an amino acid sequence corresponding 
respectively to SEQ ID No. 1, ID No. 2, or ID No. 3 and/or; 

(viii) variant of a parent a-amylase, wherein the parent a-amylase (1) has 
one of the amino acid sequences shown in SEQ ID No. 1, ID No. 2, or ID No. 4, 
respectively, or (2) displays at least 80% homology with one or more of said amino acid 
sequences, and/or displays immunological cross-reactivity with an antibody raised against 
an a-amylase having one of said amino acid sequences, and/or is encoded by a DNA 
sequence which hybridizes with the same probe as a DNA sequence encoding an a- 
amylase having one of said amino acid sequences, in which variants: (A) at least one 
amino acid residue of said parent a-amylase has been deleted; and/or (B) at least one 
amino acid residue of said parent a-amylase has been replaced by a different amino acid 
residue; and/or (C) at least one amino acid residue has been inserted relative to said parent 
a-amylase; said variant having an a-amylase activity and exhibiting at least one of the 
following properties relative to said parent a-amylase: increased thermostability; 
increased stability towards oxidation; reduced Ca ion dependency; increased stability 
and/or a-amylolytic activity at neutral to relatively high pH values; increased a-amylolytic 
activity at relatively high temperature; and increase or decrease of the isoelectric point (pl) 
so as to better match the pi value for a-amylase variant to the pH of the medium; and 

(c) one or more cleaning adjunct materials. 

In yet another aspect of the present invention, a fabric cleaning composition 
comprising: 

(a) a protease variant, preferably an effective amount of a protease variant, more 
preferably from about 0.0001% to about 10% by weight of the fabric cleaning composition 
of a protease variant, wherein said protease variant is as described above; 

(b) an amylase variant, preferably an effective amount of an amylase variant, more 
preferably from about 0.0001% to about 10% by weight of the cleaning composition of an 
amylase variant, wherein said amylase variant is as described above; 

(c) at least about 5% by weight of the fabric cleaning composition of a surfactant; 

and 

(d) at least about 5% by weight of the fabric cleaning composition of a builder. 
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is provided. 

In still another aspect of the present invention, a method for cleaning a fabric in 
need of cleaning comprising contacting the fabric with the fabric cleaning composition of 
the present invention is provided. 

In still yet another aspect of the present invention, a dishwashing composition 
comprising: 

(a) a protease variant, preferably an effective amount of a protease variant, more 
preferably from about 0.0001% to about 10% by weight of the dishwashing composition of 
a protease variant, wherein said protease variant is as described above; 

(b) an amylase variant, preferably an effective amount of an amylase variant, more 
preferably from about 0.0001% to about 10% by weight of the cleaning composition of an 
amylase variant, wherein said amylase variant is as described above; and 

(c) from about 0.1% to about 10% by weight of a surfactant, 
is provided. 

In still yet another aspect of the present invention, a method for cleaning a dish in 
need of cleaning comprising contacting the dish with the dishwashing composition of the 
present invention is provided. 

In still yet another aspect of the present invention, a personal cleansing 
composition comprising: 

(a) a protease variant, preferably an effective amount of a protease variant, more 
preferably from about 0.001% to about 5% by weight of the personal cleansing composition 
of a protease variant, wherein said protease varaint is as described above; 

(b) an amylase variant, preferably an effective amount of an amylase variant, more 
preferably from about 0.0001% to about 10% by weight of the cleaning composition of an 
amylase variant, wherein said amylase variant is as described above; and 

(c) from about 0.1% to about 95% by weight of the personal cleansing composition 
of a surfactant system; and 

(d) optionally, from about 0.05% to about 50% by weight of the personal cleansing 
composition of an enzyme stabilizer, 

is provided. 

In still yet another aspect of the present invention, a method for personal cleansing 
of a part of the human or lower animal body in need of cleansing comprising contacting the 
part with the personal cleansing composition of the present invention is provided. 

In still yet another aspect of the present invention, a cleaning composition 
comprising: 

(a) a protease variant, preferably an effective amount of a protease variant, more 
preferably from about 0.0001% to about 10% by weight of the cleaning composition of a 
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protease variant, wherein said protease variant includes a substitution of an amino acid 
residue with another naturally occurring amino acid residue at one or more amino acid 
residue positions corresponding to positions 62, 212, 230, 232, 252 and 257 of Bacillus 
amyloliquefaciens subtilisin; 

(b) an amylase variant, preferably an effective amount of an amylase variant, more 
preferably from about 0.0001% to about 10% by weight of the cleaning composition of an 
amylase variant, wherein said amylase variant is selected from the group consisting of: 

(i) a-amylase characterized by having a specific activity at least 25% 
higher than the specific activity of Termamyl® at a temperature range of 25X to 55°C and 
at a pH value in the range of 8 to 1 0, measured by Phadebas® a-amylase activity assay 
and/or; 

(ii) a-amylase according to (i) comprising the amino acid sequence shown 
in SEQ ID No. 1 or an a-amylase being at least 80% homologous with the amino acid 
sequence shown in SEQ ID No. 1 and/or; 

(iii) a-amylase according to (i) comprising the amino acid sequence shown 
in SEQ ID No. 2 or an a-amylase being at least 80% homologous with the amino acid 
sequence shown in SEQ ID No. 2 and/or; 

(iv) a-amylase according to (i) comprising the following amino acid 
sequence N-terminal: His-His-Asn-Gly-Thr-Asn-Gly-Thr-Met-Met-Gln-Tyr-Phe-Glu-Trp- 
Tyr-Leu-Pro-Asn-Asp (SEQ ID No. 3) or an a-amylase being at least 80% homologous 
with the amino acid sequence shown (SEQ ID No. 3) in the N-terminal and/or; 

(v) a-amylase according to (i-iv) wherein the a-amylase is obtainable 
from an alkalophilic Bacillus species and/or; 

(vi) a-amylase according to (v) wherein the amylase is obtainable from any 
of the strains NCIB 12289, NCIB 12512, NCIB 12513 and DSM 935 and/or; 

(vii) a-amylase showing positive immunological cross-reactivity with 
antibodies raised against an a-amylase having an amino acid sequence corresponding 
respectively to SEQ ID No. 1 , ID No. 2, or ID No. 3 and/or; 

(viii) variant of a parent a-amylase, wherein the parent a-amylase (1) has 
one of the amino acid sequences shown in SEQ ID No. 1, ID No. 2, or ID No. 4, 
respectively, or (2) displays at least 80% homology with one or more of said amino acid 
sequences, and/or displays immunological cross-reactivity with an antibody raised against 
an a-amylase having one of said amino acid sequences, and/or is encoded by a DNA 
sequence which hybridizes with the same probe as a DNA sequence encoding an a- 
amylase having one of said amino acid sequences, in which variants: (A) at least one 
amino acid residue of said parent a-amylase has been deleted; and/or (B) at least one 
amino acid residue of said parent a-amylase has been replaced by a different amino acid 
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residue; and/or (C) at least one an^ino acid residue has been inserted relative to said parent 
a-amylase; said variant having an a-amylase activity and exhibiting at least one of the 
followmg properties relative to said parent a-amylase: increased thermostability- 
increased stability towards oxidation; reduced Ca ion dependency; increased stability 
and/or a-amylolytic activity at neutral to relatively high pH values; increased a-amylolytic 
activity at relatively high temperature; and increase or decrease of the isoelectric point (pi) 
so as to better match the pi value for a-amylase variant to the pH of the medium; and 

(c) one or more cleaning adjunct materials, 
is provided. 

In still yet another aspect of the present invention, a fabric cleaning composition 

comprising: 

(a) a protease variant, preferably an effective amount of a protease variant more 
preferably from about OMOm to about IQo/o by weight of the fabric cleaning com'position 
of a protease variant, wherein said protease variant includes a substitution of an amino acid 
residue with another naturally occurring amino acid residue at one or more amino acid 
residue positions corresponding to positions 62, 212, 230, 232, 252 and 257 of Bacillus 
amyloliquefaciens subtilisin; 

(b) an amylase variant, preferably an effective amount of an amylase variant more 
preferably from about 0.0001% to about X0% by weight of the cleaning composition of an 
amylase variant, wherein said amylase variant is as described above; 

(c) at least about 50/0 by weight of the fabric cleaning composition, of a surfactant- 
and ' 

(d) at least about 5% by weight of the fabric cleaning composition, of a builder 
is provided. ' 

In still another aspect of the present invention, a method for cleaning a fabric in 
need of cleaning comprising contacting the fabric with the fabric cleaning composition of 
the present invention is provided. 

In still yet another aspect of the present invention, a dishwashing composition 

comprising: 

(a) a protease variant, preferably an effective amount of a protease variant more 
preferably from about O.OOOlo/. to about 10% by weight of the fabric cleaning composition 
of a protease variant, wherein said protease variant includes a substitution of an amino acid 
residue with another naturally occurring amino acid residue at one or more amino acid 
residue positions corresponding to positions 62, 212, 230, 232, 252 and 257 of Bacillus 
amyloliquefaciens subtilisin; 
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(b) an amylase variant, preferably an effective amount of an amylase variant, more 
preferably from about 0.0001% to about 10% by weight of the cleaning composition of an 
amylase variant, wherein said amylase variant is as described above; and 

(c) from about 0.1% to about 10% by weight of the dishwashing composition, of a 
surfactant, 

is provided. 

In still yet another aspect of the present invention, a method for cleaning a dish in 
need of cleaning comprising contacting the dish with the dishwashing composition of the 
present invention is provided. 

In still yet another aspect of the present invention, a personal cleansing 
composition comprising: 

(a) a protease variant, preferably an effective amount of a protease variant, more 
preferably from about 0.001% to about 5% by weight of the personal cleansing composition 
of a protease variant, wherein said protease variant includes a substitution of an amino acid 
residue with another naturally occurring amino acid residue at one or more amino acid 
residue positions corresponding to positions 62, 212, 230, 232, 252 and 257 of Bacillus 
amyloliquefaciens subtilisin; 

(b) an amylase variant, preferably an effective amount of an amylase variant, more 
preferably from about 0.0001% to about 10% by weight of the cleaning composition of an 
amylase variant, wherein said amylase variant is as described above; and 

(c) from about 0.1% to about 95% by weight of the personal cleansing composition, 
of a surfactant system; and 

(d) optionally, from about 0.05% to about 50% by weight of the personal cleansing 
composition, of an enzyme stabilizer, 

is provided. 

In still yet another aspect of the present invention, a method for personal cleansing 
of a part of the human or lower animal body in need of cleansing comprising contacting the 
part with the personal cleansing composition of the present invention is provided. 

Accordingly, it is an object of the present invention to provide cleaning 
compositions having a combination of a protease variant and amylase variant capable of 
providing improved and enhanced cleaning of fabrics, dishware, tableware, kitchenware, 
cookware and other hard surface substrates. It is a further object of the present invention to 
provide methods for fabric, dishware, tableware, kitchenware, cookware and other hard 
surface substrate cleansing via the use of the protease variant/amylase variant-containing 
cleaning compositions of the present invention. 

These and other objects, features and advantages will be clear from the following 
detailed description, examples and appended claims. 
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All percentages, ratios and proportions herein are on a weight basis unless 
otherwise indicated. All documents cited herein are hereby incorporated by reference. 

PRIEF DESCRIPTION OF THF. PR AW^>in,^ 
Figs. 1 A-C depict the DNA and amino acid sequence for Bacillus 
amyloliquefaciens subtilisin and a partial restriction map of this gene. 

Fig. 2 depicts the conserved amino acid residues among subtilisins from Bacillus 
amyloliquefaciens (BPN)' and Bacillus lentus (wild-type). 

Figs. 3A and 3B depict the amino acid sequence of four subtilisins. The top line 
represents the amino acid sequence of subtilisin from Bacillus amyloliquefaciens subtilisin 
(also sometimes referred to as subtilisin BPN'). The second line depicts the amino acid 
sequence of subtilisin from Bacillus subtilis. The third line depicts the amino acid 
sequence of subtilisin from B. licheniformis. The fourth line depicts the amino acid 
sequence of subtilisin from Bacillus lentus (also referred to as subtilisin 309 in PCT 
WO89/06276). The symbol * denotes the absence of specific amino acid residues as 
compared to subtilisin BPN'. 



PET AILRD PFSCRTPTION OF THF INVFNTinN 
I. Proteases - Proteases are carbonyl hydrolases which generally act to cleave 
peptide bonds of proteins or peptides. As used herein, "protease" means a naturally 
occurring protease or recombinant protease. Naturally-occurring proteases include a- 
aminoacylpeptide hydrolase, peptidylamino acid hydrolase, acylamino hydrolase, serine 
carboxypeptidase, metallocarboxypeptidase, thiol proteinase, carboxylproteinase and 
metalloproteinase. Serine, metallo, thiol and acid protease are included, as well as endo 
and exo-proteases. 

The present invention includes protease enzymes which are non-naturally occurring 
carbonyl hydrolase variants (protease variants) having a different proteolytic activity, 
stability, substrate specificity, pH profile and/or performance characteristic as compared to 
the precursor carbonyl hydrolase from which the amino acid sequence of the variant is 
derived. Specifically, such protease variants have an amino acid sequence not found in 
nature, which is derived by replacement of a plurality of amino acid residues of a precursor 
protease with different amino acids. The precursor protease may be a naturally-occurring 
protease or recombinant protease. As stated earlier, the protease variants are designed to 
have trypsin-like specificity and preferably also be bleach stable. 

The protease variants useful herein encompass the substitution of any of the 
nineteen naturally occurring L-amino acids at the designated amino acid residue positions. 
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Such substitutions can be made in any precursor subtilisin (procaryotic, eucaryotic, 
mammalian, etc.). Throughout this application reference is made to various amino acids by 
way of common one- and three-letter codes. Such codes are identified in Dale, M.W. 
(1989), Molecular Geneticci of ^ayt'^p^, John Wiley & Sons, Ltd., Appendix B. 

The protease variants useful herein are preferably derived from a Bacillus 
subtilisin. More preferably, the protease variants are derived from Bacillus lentus subtilisin 
and/or subtilisin 309. 

Carbonyl Hydrol^ges - Carbonyl hydrolases are protease enzymes which hydrolyze 
compounds containing 

O 

II 

c-x 

bonds in which X is oxygen or nitrogen. They include naturally-occurring carbonyl 
hydrolases and recombinant carbonyl hydrolases. Naturally-occurring carbonyl hydrolases 
principally include hydrolases, e.g., peptide hydrolases such as subtilisins or 
metalloproteases. Peptide hydrolases include a-aminoacylpeptide hydrolase, 
peptidylamino acid hydrolase, acylamino hydrolase, serine carboxypeptidase, 
metallocarboxypeptidase, thiol proteinase, carboxylproteinase and metalloproteinase. 
Serine, metallo, thiol and acid protease's are included, as well as endo and exo-proteases. 

gubtiligins - Subtilisins are bacterial or fungal proteases which generally act to 
cleave peptide bonds of proteins or peptides. As used herein, "subtilisin" means a 
naturally-occurring subtilisin or a recombinant subtilisin. A series of naturally-occurring 
subtilisins is known to be produced and often secreted by various microbial species. 
Amino acid sequences of the members of this series are not entirely homologous. 
However, the subtilisins in this series exhibit the same or similar type of proteolytic 
activity. This class of serine proteases share a common amino acid sequence defining a 
catalytic triad which distinguishes them from the chymotrypsin related class of serine 
proteases. The subtilisins and chymotrypsin related serine proteases both have a catalytic 
triad comprising aspartate, histidine and serine. In the subtilisin related proteases the 
relative order of these amino acids, reading from amino to carboxy terminus, is aspartate- 
histidine-serine. In the chymotrypsin related proteases, the relative order, however, is 
histidine-aspartate-serine. Thus, subtilisin herein refers to a serine protease having the 
catalytic triad of subtilisin related proteases. Examples include, but are not limited to, the 
subtilisins identified in Fig. 3 herein. Generally, and for purposes of the present invention, 
numbering of the amino acids in proteases corresponds to the numbers assigned to the 
mature Bacillus amyloUquefaciens subtilisin sequence presented in Fig. 1. 
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ProtgasgVfiriantS - A "protease variant" has an amino acid sequence which is 
derived from the amino acid sequence of a "precursor protease." The precursor proteases 
mclude naturally-occurring proteases and recombinant proteases. The amino acid sequence 
of the protease variant is "derived" from the precursor protease amino acid sequence by 
substitution, deletion or insertion of one or more amino acids of the precursor amino acid 
sequence. Such modification is of the "precursor DNA sequence" which encodes the amino 
acid sequence of the precursor protease rather than manipulation of the precursor protease 
enzyme per se. Suitable methods for such manipulation of the precursor DNA sequence 
include methods disclosed herein, as well as methods know to those skilled in the art (see 
for example, EP 0 328 299, WO 89/06279 and the U.S. patents and applications already ' 
referenced herein). 

In a prefen-ed embodiment, the protease variants which are protease enzymes 
useful in the present invention cleaning compositions comprise protease variants including 
a substitution of an amino acid residue with another naturally occurring amino acid residue 
at an ammo acid residue position corresponding to position 1 03 of Bacillus 
amyloliquefaciens subtilisin in combination with a substitution of an amino acid residue 
with another naturally occurring amino acid residue at one or more amino acid residue 
positions corresponding to positions 1,3.4,8,9, 10, 12, 13, 16, 17, 18 19 20 21 22 24 
27, 33, 37, 38, 42. 43, 48, 55, 57, 58, 61, 62, 68, 72, 75. 76, 77, 78, 79, 86, 87 89 97 98 ' 

99, 101. 102, 104, 106, 107. 109, 111, 114, 116, 117, 119, 121, 123. 126, 128 130 131 ' 
133, 134. 137, 140, 141, 142, 146, 147, 158, 159, 160, 166, 167, 170. 173 174 177 18'l 
182, 183. 184, 185. 188. 192, 194, 198,203,204,205,206,209,210,211 212'213'214' 
215, 216, 21 7. 218. 222, 224. 227, 228, 230. 232. 236, 237, 238, 240, 242. 243* 244' 245' 
246, 247, 248, 249, 251, 252. 253, 254, 255, 256, 257, 258, 259, 260. 261, 262.' 263,' 265' 
268, 269, 270, 271. 272. 274 and 275 of Bacillus amyloliguefaciens subtilisin; wherein ' 
when said protease variant includes a substitution of amino acid residues at positions 
corresponding to positions 103 and 76, there is also a subtitution of an amino acid residue 
at one or more amino acid residue positions other than amino acid residue positions 
corresponding to positions 27, 99, 101, 104, 107, 109. 123, 128, 166. 204. 206, 210 216 
2 1 7, 2 1 8. 222. 260, 265 or 274 of Bacillus amyloliquefaciens subtilisin; and one or more' 
cleaning adjunct materials. 

While any combination of the above listed amino acid substitutions may be 
employed, the preferred protease variam enzymes useful for the present invention comprise 
the substitution, deletion or insertion of amino acid residues in the following combinations: 

(1) a protease variant including substitutions of the amino acid residues at position 
1 03 and at one or more of the following positions 236 and 245; 
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(2) a protease variant including substitutions of the amino acid residues at positions 
103 and 236 and at one or more of the following positions 12, 61, 62, 68, 76, 97, 98, 101, 
102, 104, 109, 130, 131, 159, 183. 185, 205, 209, 210, 211. 212, 213, 215, 217, 230,' 232,' 
248, 252, 257, 260, 270 and 275; 

(3) a protease variant including substitutions of the amino acid residues at positions 
1 03 and 245 and at one or more of the following positions 1 2, 6 1 , 62, 68, 76. 97, 98, 1 0 1 , 

102, 104, 109. 130, 131, 159, 170, 183, 185, 205, 209, 210, 21 1, 212, 213, 215, 2 17, 222,' 
230, 232, 248. 252, 257, 260, 261, 270 and 275; and 

(4) a protease variant including substitutions of the amino acid residues at positions 

1 03, 236 and 245 and at one or more of the following positions 12, 61 , 62, 68, 76, 97, 98, 
101. 102, 104, 109, 130, 131, 159, 183, 185, 205, 209, 210, 211, 212, 213, 215, 217, 230,' 
232, 243, 248, 252, 257, 260, 270 and 275 . 

A more preferred protease variant useful in the cleaning compositions of the 
present invention include a substitution set (one substitution set per row in the following 
Table I) selected from the group consisting of: 



Table I 
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An even more preferred protease variant useful in the cleaning compositions of the 
present invention include a substitution set (one substitution set per row in the following 
Table II) selected from the group consisting of: 



Table II 
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N252K 



N248D 



N252K 



S256R 



Q245R 



N248D 



N252K 



N248D 



N248D 
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N248D 



N252K 



N248D 



N252K 



N248D 



N252K 



A232V|Q236H 



Q245R 



N248D 



N252K 



N248D 



N252K 



N62D 
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O109R 



G159D T213R 



A232V 0236H 



Q245R 



N248D 



N252K 



N62D 



S103A V104I 



GI59D 



S212G T213R 
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0245R 
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T2I3R A232V 



Q236H 
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N248D 



S103A 



V104I G159D 



N252K 



A232V 



Q245R N248D 



N252K 



S103A 



V104I G159D 



A230V 



0245R 



N62D 



SI03A VI04I 



S130G 



G159D T213R 



A232V|Q236H 



Q245R 



N248D 



N252K 



SIOIG 



S103A V104I 



SIOIG 



S103A V104I 



SIOIG 



SI03A V104I 



N62D 



SIOIG SI03A 



N62D 



N62D 



SI03A VI04I 



SI03A V104I 



SIOIG 



SIOIG 



S103A VI04I 



SI03A VI04I 



A98V 



S99G 



SIOIG SI03A 



SIOIG SI03A 



S130G 



G159D A232V 



0236HI0245R 



N248D 



N252K 



SI28G 



GI59D A232V 



Q236H I Q245R 



N248D 



N252K 



SI28L 



G159D A232V 



0236H Q245R 



N248D 



N252K 



VI 041 



G159D T213R 



A232V 0236H 



Q245R 



N248D 



N252K 



SI28G 



G159D T213R 



A232V I Q236H 



0245R 



N248D 



N252K 



S128L 



GI59D T213R 



GI59D 



P131V 



VI 041 



A232V|Q236H 



0245R 



N248D 



N252K 



A232V 0236H 



GI59D A232V 



G159D A232V 



VI 041 



GI59D A232V 



0245R N248D 



N252K 



T260A 



Q236H Q245R 



N248D 



N252K 



Q236H|Q245R 



N248D 



N252K 



Q236H I Q245R 



N248D 



N252K 



SIOIG 



SI03A VI04I 



G159D 



S212G A232V 



Q236H|Q245R 



N248D 



N252K 



SIOIG 



SI03A V104I 



GI59D 



Y209W A232V 



Q236HIQ245R 



N248D 



SIOIG 



S103A V104I 



G159D 



P2I0I A232V 



Q236H Q245R 



N248D 



N252K 
N252K 



SIOIG 



SI03A V104I 



GI59D 



V205I A232V 



Q236H|Q245R 



N248D 



N252K 



SIOIG 



SI03A V104I 



GI59D 



A230y Q236H 



Q245R 



SIOIG 



S103A VI04I 



G159D 



AI94P A232V 



Q236H I Q245R 



N248D 



N252K 



N76D 



SIOIG SI03A 



VI 041 



GI59D A194P 



A232V|Q236H 



0245R 



N248D 



N252K 



SIOIG 



S103A V104I 



GI59D 



A230V A232V 



0236HIQ245R 



N248D 



N252K 



N62D 



SI 03 A VI 041 



G159D 



NI85D|Q206E 



T213R A232V 



Q236H 



Q245R 



N248D 



N252K 



E2710 
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N7oD 


SI 03 A 
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N7oD 
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VI 041 


OI82R 


















N76D 


SI 03 A 


VI 041 


Ml 191 


0137R 


















N76D 


S103A 


VI 041 


0137R 


N248S 


















A13T 


N7oD 


SI 03 A 


VI 041 


Q206R 


















N76D 


SI 03 A 


VI 041 


0206R 




















N7oD 


SI 03 A 


VI 041 


S212P 


G258R 


















T58S 


N76D 


SI 03 A 


VI 041 


E271G 


















N76D 


S103A 


VI 041 


O206E 


N261D 


















V4E 


N76D 


S103A 


VI 041 


Q206E 


















N76D 


N77D 


S103A 


VI 041 


O206E 


















N76D 


SI 03 A 


VI 041 


A158E 




















N76D 


SI 03 A 


V104I 


O206E 




















V4E 


N76D 


S103A 


VI 041 


G159D 


L217E 


K25IO 














V4E 


N76D 


S103A 


VI 041 


G159D 


L217E 


N252D 














N76D 


N77D 


SI 03 A 


VI 04! 
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St.II yet an even more preferred protease variant useful in the cleaning composition 
of the present invention include a substitution set selected from the group consisting of the 
substitution sets in Table I except for the following substitution sets of Table III- 
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Still yet an even more preferred protease variant useful in the cleaning composition 
of the present invention include a substitution set selected from the 
substitution sets in Table IV: 



group consisting of the 
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Still yet an even more preferred protease variant useful in the cleani 



of the present invention include a substitution 
substitution sets in Table V: 
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A highly preferred protease variant useful in the cleaning compositions of the 
present invention include a substitution set selected from the group consisting of: 

12/102/103/104/159/212/232/236/245/248/252; 12/76/103/104/130/170/185/222/243/245- 
1 2/76/1 03/1 04/1 30/222/245/26 1 ; , 2/76/1 03/1 04/130/222/245- 

12/76/103/104/222/245; 

61/68/103/104/159/232/236^45/248/252; 62/103/104/,59/2,3/232/236/245/248/252- 

62/103/104/10../159/213/232C36/245/248/252; 62/103/104/159/232/236/245/248/252- ' 
62/1 0 1/l 03/1 04/1 59/2 12/2 1 3/232/236/245/248/252; 

62/103/104/130/159/213/232/236/245/248/252; 68;i03/104/159/232/236/245/248/252/270 
68/103/104/159/185/232/236/245/248/252; 68/103/104/159/210/232/236/245/248/252 

68/103/104/159/185/210/232/236/245/248^52; 68/103/104/159/213/232/236/245/248/252 



68/1 03/104/159/230/232/236/245; 

68/1 03/1 04/232/236/245/248/257/275; 

68/1 03/1 04/1 59/232/236/245/248/252; 

68/76/103/104/159/236; 

68/76/103/104/1 59/232/236/245; 
68/1 03/1 04/1 59/232/236/245; 
68/76/103/104/159/21 1/232/236/245; 
68/1 03/1 04/1 59/2 1 0/232/236/245; 
68/76/1 03/1 04/1 59/2 1 3/232/236/245/260; 
68/76/1 03/1 04/1 59/2 1 0/232/236/245/260; 
68/1 03/1 04/1 59/1 83/232/236/245/248/252: 
68/1 03/1 04/232/236/245/257/275; 
76/103/222/245; 
76/103/104/159/232/236/245; 
76/1 03/1 04/1 59/2 1 3/232/236/245/260; 
76/1 03/1 04/1 31/1 59/232/236/245/248/252- 



68/76/1 03/1 04/1 59/209/232/236/245; 

68/1 03/ 1 04/2 1 3/232/236/245/248/252; 

68/103/104/159/209/232/236/245; 

68/76/1 03/1 04/1 59/236/245; 

68/1 03/1 04/1 59/232/236/245/252; 

68/1 03/1 04/1 59/232/236/245/257; 
68/76/1 03/1 04/1 59/2 1 5/232/236/245 ; 
68/1 03/1 04/1 59/2 13/232/236/245/260; 
68/103/104/159/236; 
68/103/104/159/236/245; 
68/76/1 03/1 04/1 59/236/245; 
68/1 03/1 04/1 59/213/232/236/245; 
76/103/104/222/245; 

76/103/104/159; 

97/1 03/104/1 59/232/236/245/248/252- 



98/102/103/104/159/212^32/236/245/248/252; 98/103/104/159/232^36/245/248/252; 



101/1 03/1 04/1 59/232/236/245/248/252; 
103/104/159/232/236/245; 
1 03/1 04/1 59/205/209/232/236/245/257 
1 03/1 04/159/205/209/21 0/232/236/245/257; 
1 03/1 04/1 59/2 1 7/232/236/245/248/252; 
103/104/159/230/236/245; 
1 03/1 04/1 59/248/252/270; 
103/104/159/205/209/232/236/245; and 



1 02/1 03/1 04/1 59/232/236/245/248/252; 
1 03/1 04/1 59/232/236/245/248/252; 
1 03/1 04/1 59/232/245/248/252; 
1 03/104/1 59/2 13/232/236/245/248/252; 

103/104/130/159/232/236/245/248/252; 

103/104/159/236/245; 

1 03/1 04/13 1/1 59/232/236/245/248/252; 

1 03/1 04/1 59/232/236/245/257. 
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A more highly preferred protease variant useful in the cleaning compositions of the 
present invention include a substitution set selected from the group consisting of: 

1 2R/76D/1 03 A/1 04T/1 30T/222S/245R; 
12R/76D/103A/104I/222S/245R; 
1 2R/1 02A/1 03 A/ 1 041/1 59D/2 1 2G/232V/236H/245R/248D/252K; 
12R/76D/1 03A/1 04T/130G/222S/245R/261D; 
1 2R/76D/1 03A/1 04T/1 30G/1 70S/1 85D/222S/243D/245R; 
6 1 E/68A/] 03 A/1 041/1 59D/232V/236H/245R/248D/252K; 
62D/1 03 A/1 041/1 09R/1 59D/2 1 3R/232V/236H/245R/248D/252K; 
62D/1 03A/1 041/1 59D/2 1 3R/232V/236H/245R/248D/252K; 
62D/1 03 A/1 041/1 59D/232V/236H/245R/248D/252K; 
62D/1 03 A/1 041/1 30G/1 59D/2 1 3R/232V/236H/245R/248D/252K; 
62D/1 01 G/1 03A/1 041/1 59D/2 1 2G/2 13R/232V/236H/245R/248D/252K; 
68A/1 03 A/1 041/1 59D/232V/236H/245R/248D/252Ky270A; 
68A/76D/1 03 A/1 041/1 59D/2 1 3R/232 V/236H/245R/260A; 
68A/103A/1 041/1 59D/236H; 
68A/103A/1 041/1 59D/236H/245R; 
68A/76D/1 03A/1 041/1 59D/2 101/232V/236H/245R/260A; 
68A/103A/1 04I/159D/1 83D/232V/236H/245R/248D/252K; 
68A/103A/104I/159D/209W/232V/236H/245R; 
68A/76D/1 03 A/1 041/1 59D/2 1 1 R/232V/236H/245R; 
68A/76D/1 03A/1041/1 59D/21 5R/232V/236H/245R; 
68A/103 A/1 041/1 59D/2 1 3R/232V/236H/245R/260A; 
68A/76D/103A/104I/159D/236H; 
68A/76D/1 03Ay 1 041/1 59D/236H/245R; 
68A/76D/1 03 A/1 041/1 59D/232V/236H/245R; 
68A/1 03A/1 041/1 59D/232V/236H/245R/252K; 

68Ayi 03A/1 041/1 59D/232V/236H/245R; 
68A/1 03 A/1 041/1 59D/232V/236H/245R/257V; 
68A/103A/1 041/1 59D/1 85D/232V/236H/245R/248D/252K; 
68A/1 03 A/1 041/1 59D/2 1 0L/232V/236H/245R/248D/252K; 
68A/1 03 A/1 041/1 59D/1 85D/2 1 0L/232V/236H/245R/248D/252K; 
68A/1 03A/1 041/1 59D/2 1 3E/232V/236H/245R/248D/252K; 
68A/1 03 A/1 041/1 59D/230V/232V/236H/245R; 
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68A/76D/103A/104I/159D/209W/232V/236H/245R; 
68A/1 03 A/1 04I/232V/23 6H/245R/248D/257V/275h1 

68A/1 03A/1 041/232 V/236H/245R/257V/275H; 
68A/1 03A/] 041/2 13E/232V/236H/245R/248D/252K; 
68A/1 03 A/1 041/1 59D/232V/236H/245R/248D/252Ki 
68A/103A/104I/159D/210I/232V/236H/245R; 
68A/1 03 A/1 041/1 59D/2 1 0L/232V/236H/245R; 
68A/1 03 A/1 041/1 59D/2 1 3G/232V/236H/245R- 
76D/103A/222S/245R; 
76D/1 03A/1 04I/222S/245R; 
76D/1 03A/1 041/1 59D/232V/236H/245R; 
76D/1 03 A/1 041/1 59D; 
76D/1 03A/1 041/13 1 V/1 59D/232V/236H/245R/248D/252K; 
76D/1 03 A/1 041/1 59D/2 1 3R/232 V/236H/245R/260A; 
97E/1 03A/1 041/1 59D/232V/236H/245R/248D/252K;' 
98171 03 A/1 041/1 59D/232V/236H/245Ry248D/252K;' 
98L/102A/103A/104I/159D/212G/232V/236H/245R/248D/252K; 
1 0 1 G/1 03 A/1 041/ 1 59D/232V/236H/245R/248D/252K; 
1 02A/1 03 A/1 041/1 59D/232 V/236H/245R/248D/252K;' 

1 03 A/l 041/1 59D/232 V/236H/245R/248D/252K; 
1 03 A/1 041/1 59D/2 1 3R/232V/236H/245R/248D/252K; 
1 03 A/1 041/1 30G/1 59D/232V/236H/245R/248D/252K,' 

1 03A/1 041/1 59D/230V/236H/245R; 
1 03 A/1 041/1 59D/2 1 7E/232V/236H/245R/248D/252K; 
1 03 A/1 041/1 59D/236H/245R; 
1 03 A/1 041/1 59D/248D/252K/270V; 
1 03 A/1 041/1 59D/232V/236H/245R; 
1 03A/1 041/1 59D/205I/209W/232V/236H/245R; 
1 03A/1 041/1 59D/232V/236H/245R/257V; 
1 03 A/1 041/1 59D/205I/209W/232V/236H/245R/257V; 
1 03 A/1 041/1 3 1 V/1 59D/232V/236H/245R/248D/252k'; 
103A/]04I/159D/205I/209W/210I/232V/236H/245R/257vland 
1 03A/1 041/1 59D/232V/245R/248D/252K. 

An even more highly preferred protease variant useful in the cleaning compositions 
of the present invention include a substitution set selected from the group consisting of: 
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12/76/103/104/130/222/245/261 ; 
62/1 03/1 04/1 59/232/236/245/248/252; 
62/1 03/104/1 59/213/232/236/245/248/252; 
62/1 0 1 / 1 03/ 1 04/1 59/2 1 2/2 1 3/232/23 6/245/248/252; 
68/103/104/1 59/232/236/245; 
68/1 03/1 04/1 59/230/232/236/245; 
68/ 1 03/1 04/ 1 59/209/232/236/245 ; 
68/1 03/104/1 59/232/236/245/257; 
68/76/1 03/1 04/1 59/2 13/232/236/245/260; 
68/1 03/1 04/1 59/2 1 3/232/236/245/248/252; 
68/1 03/1 04/159/1 83/232/236/245/248/252; 
68/1 03/1 04/1 59/1 85/232/236/245/248/252; 
68/1 03/1 04/1 59/1 85/2 1 0/232/236/245/248/252; 
68/1 03/1 04/1 59/2 1 0/232/236/245/248/252; 
68/103/104/159/213/232/236/245; 
98/ 1 03/1 04/1 59/232/236/245/248/252; 
98/102/103/104/159/212/232/236/245/248/252; 
1 0 1 /1 03/1 04/1 59/232/236/245/248/252; 
1 02/1 03/1 04/1 59/232/236/245/248/252; 
103/104/159/230/236/245; 
1 03/104/1 59/232/236/245/248/252; 
1 03/1 04/1 59/2 1 7/232/236/245/248/252; 
1 03/1 04/1 30/1 59/232/236/245/248/252; 
1 03/1 04/1 3 1/1 59/232/236/245/248/252; 
1 03/ 1 04/ 1 59/2 1 3/232/236/245/248/252; and 
103/104/159/232/236/245. 

The most highly preferred protease variant useful in the cleaning compositions of 
the present invention include a substitution set selected from the group consisting of: 

1 2R/76D/ 1 03 A/1 04T/ 1 3 0T/222S/245R/26 1 D; 
62D/1 03 A/1 041/1 59D/232V/236H/245R/248D/252K; 
62D/1 03A/1 041/1 59D/2 1 3R/232V/236H/245R/248D/252K; 

68A/1 03 A/1 041/1 59D/209W/232V/236H/245R; 
68A/76D/1 03 A/1 04I/1 59D/2 1 3R/232V/236H/245R/260A; 
68A/1 03A/1 041/1 59D/2 1 3E/232V/236H/245R/248D/252K; 
68A/1 03A/1 041/1 59D/1 83D/232V/236H/245R/248D/252K; 
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68A/1 03A/1 041/1 59D/232V/236H/245R; 
68A/1 03A/1 041/1 59D/230V/232V/236H/245R; 
68A/1 03A/1 041/1 59D/232V/236H/245R/257V; 
68A/1 03A/1 041/1 59D/2 1 3G/232V/236H/245R/248D/252K; 
68A/1 03A/1 041/1 59D/1 85D/232V/236H/245R/248D/252K; 
68A/1 03A/1 041/1 59D/1 85D/2 10L/232V/236H/245R/248D/252K; 
68A/1 03A/1 041/1 59D/2 1 0L/232V/236H/245R/248D/252K; 
68A/1 03 A/1 041/1 59D/2 1 3G/232V/236H/245R; 
98L/1 03A/1 041/1 59D/232V/236H/245R/248D/252K; 
98L/ 1 02A/1 03 A/1 041/1 59D/2 1 2G/232V/236H/245R/248D/252K; 
1 01 G/1 03 A/1 041/1 59D/232V/236H/245R/248D/252K; 
1 02A/1 03 A/1 041/1 59D/232V/236H/245R/248D/252K; 
1 03 A/1 041/1 59D/230V/236H/245R; 
103 A/1041/1 59D/232V/236H/245R/248D/252K; 
1 03 A/1 041/1 59D/2 1 7E/232V/236H/245R/248D/252K; 
1 03 A/1 041/1 30G/ 1 59D/232V/236H/245R/248D/252K; 
1 03 A/1 041/13 1 V/1 59D/232V/236H/245R/248D/252K; 
1 03 A/1 041/1 59D/21 3R/232V/236H/245R/248D/252K; and 
1 03A/1 041/1 59D/232V/236H/245R. 

In another preferred embodiment, the protease variants which are the protease 
enzymes useful in the cleaning compositions of the present invention comprise protease 
variants including a substitution of an amino acid residue with another naturally occurring 
amino acid residue at one or more amino acid residue positions corresponding to positions 
62, 212, 230, 232, 252 and 257 of Bacillus amyloliquefaciens subtilisin. 

While any combination of the above listed amino acid substitutions may be 
employed, the preferred protease variant enzymes useful for the present invention comprise 
the substitution, deletion or insertion of amino acid residues in the following combinations: 

(1) a protease variant including substitutions of the amino acid residues at position 
62 and at one or more of the following positions 103, 104, 109, 159,213,232, 236,245, 
248 and 252; 

(2) a protease variant including substitutions of the amino acid residues at position 
212 and at one or more of the following positions 12, 98, 102, 103, 104, 159, 232, 236, 245, 
248 and 252; 

(3) a protease variant including substitutions of the amino acid residues at position 
230 and at one or more of the following positions 68, 103, 104, 159, 232, 236 and 245; 
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(4) a protease variant including substitutions of the amino acid residues at position 
232 and at one or more of the following positions 12, 61, 62, 68, 76, 97, 98, 101, 102, 103, 
104, 109, 130, 131, 159, 183, 185,205, 209,210,212,213,217, 230, 236,245, 248, 252, 
257, 260, 270 and 275; 

(5) a protease variant including substitutions of the amino acid residues at position 
232 and at one or more of the following positions 103, 104, 236 and 245; 

(6) a protease variant including substitutions of the amino acid residues at position 
232 and 103 and at one or more of the following positions 12, 61, 62, 68, 76, 97, 98, 101, 
102, 103, 104, 109, 130, 131, 159, 183, 185, 205, 209, 210, 212, 213, 217, 230, 236, 245, 
248, 252, 257, 260, 270 and 275; 

(7) a protease variant including substitutions of the amino acid residues at position 
232 and 104 and at one or more of the following positions 12, 61, 62, 68, 76, 97, 98, 101, 
102, 103, 104, 109, 130, 131, 159, 183, 185,205,209,210,212,213,217,230, 236,245, 
248, 252, 257, 260, 270 and 275; 

(8) a protease variant including substitutions of the amino acid residues at position 
232 and 236 and at one or more of the following positions 12, 61, 62, 68, 76, 97, 98, 101, 
102, 103, 104, 109, 130, 131, 159, 183, 185, 205,209,210,212,213,217,230, 236, 245, 
248, 252, 257, 260, 270 and 275; 

(9) a protease variant including substitutions of the amino acid residues at position 
232 and 245 and at one or more of the following positions 12, 61, 62, 68, 76, 97, 98, 101, 
102, 103, 104, 109, 130, 131, 159, 183, 185,205,209,210,212,213,217,230, 236,245, 
248, 252, 257, 260, 270 and 275; 

(10) a protease variant including substitutions of the amino acid residues at position 
232, 103, 104, 236 and 245 and at one or more of the following positions 12, 61, 62, 68, 76, 
97, 98, 101, 102, 103, 104, 109, 130, 131, 159, 183, 185, 205,209,210,212,213,217, 230, 
236, 245, 248, 252, 257, 260, 270 and 275; 

(1 1) a protease variant including substitutions of the amino acid residues at position 
252 and at one or more of the following positions 12, 61, 62, 68, 97, 98, 101, 102, 103, 104, 
109, 130, 131, 159, 183, 185, 210, 212, 213, 217, 232, 236, 245, 248 and 270; 

(12) a protease variant including substitutions of the amino acid residues at position 
252 and at one or more of the following positions 103, 104, 236 and 245; 

(13) a protease variant including substitutions of the amino acid residues at 
positions 252 and 103 and at one or more of the following positions 12, 61, 62, 68, 97, 98, 
101, 102, 103, 104, 109, 130, 131, 159, 183, 185,210,212,213,217, 232, 236, 245,248 
and 270; 

(14) a protease variant including substitutions of the amino acid residues at 
positions 252 and 104 and at one or more of the following positions 12, 61, 62, 68, 97, 98, 
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101, 102, 103, 104, 109, 130, 131, 159, 183, 185, 210, 212, 213, 217, 232, 236, 245, 248 
and 270; 

(15) a protease variant including substitutions of the amino acid residues at 
positions 252 and 236 and at one or more of the following positions 12, 61, 62, 68, 97, 98, 
101, 102, 103, 104, 109, 130, 131, 159, 183, 185, 210, 212, 213, 217, 232, 236, 245, 248 
and 270; 

(16) a protease variant including substitutions of the amino acid residues at 
positions 252 and 245 and at one or more of the follov^ing positions 12, 61, 62, 68, 97, 98, 
101, 102, 103, 104, 109, 130, 131, 159, 183, 185,210,212,213,217,232, 236, 245, 248 
and 270; 

(17) a protease variant including substitutions of the amino acid residues at 
positions 252, 103, 104, 236 and 245 and at one or more of the following positions 12, 61, 
62, 68, 97, 98, 101, 102, 103, 104, 109, 130, 131, 159, 183, 185,210,212,213,217, 232, 
236, 245, 248 and 270; and 

(18) a protease variant including substitutions of the amino acid residues at position 
257 and at one or more of the following positions 68, 103, 104, 205, 209, 210, 232, 236, 
245 and 275. 

A more preferred protease variant useful in the cleaning compositions of the 
present invention include a substitution set (one substitution set per row in the following 
Table VI) selected from the group consisting of: 
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ZIU 


zl3 


232 


236 


245 


260 






12 




104 


1 SO 


zuy 


zl3 


232 


236 


245 


260 








103 


104 


70Q 


2'?7 


21A 


z45 


z57 














103 


104 


159 


205 


210 


Zl3 


z3z 


236 


245 


260 








103 


104 


1 ^0 


20S 


7AQ 

zuy 


z3z 


236 


245 


260 










68 


103 


104 


1 SO 


7ns 

ZUj 


zuy 


210 


232 


236 


245 








103 


104 


1 




zuy 


O 1 A 

z) 0 


232 


236 


245 


257 








1 V J 


1 04 


1 ^0 




zuy 


232 


236 


245 


257 










oo 


10'^ 


1 (\A 
I U4 


1 <o 


'>A< 

zU5 


209 


210 


232 


236 


245 


260 






1 O'X 


1 f\A 
1 U*f 




zUj 


zOy 


210 


232 


236 


245 










1 V/ J 


1 04 




zuy 




232 


236 


245 














104 


1 




O 1 A 

zIO 


232 


236 


245 














101 


J U*f 




1 CA 

159 


o 

232 


236 


245 
















1 (\A 
1 u** 




O^A 

z30 


o n z' 

236 


245 














451 


Do 




1 U4 


159 


209 


232 


236 


245 










48 




1 Ol 


1 f\A 


159 


232 


236 


245 


248 


252 








48 


I/O 


1 0'? 

1 U J 




1 <A 

i5y 


232 


236 


245 


257 


261 








102 


10'? 


1 04 


1 SO 

1 jy 


zlz 


232 


236 


245 


248 


252 








12 


107 


1 O"^ 


1 AA 


1 jy 


212 


232 


236 


245 


248 


252 






101 


102 


10"^ 


104 


1 

loy 


zlz 


232 


236 


245 


248 


252 






98 


102 


lO'l 

J \fD 


104 


1 jy 


zlz 


232 


236 


245 


248 


252 






102 


103 


104 


1 so 


711 


z3z 


z3o 


245 


248 


252 








103 


104 


131 


ISO 


717 

ZJZ 


71^ 
Z3D 


z45 


248 


252 










103 


104 


159 


184 


717 
z^z 


71/; 

ZJO 


z4:) 


z46 


252 










103 


104 


159 


232 


71^ 

Z^D 


744 


Oil < 
z4D 


Z46 


252 










62 


103 


104 


ISO 


711 
Z 1 ^ 


717 
Z^Z 


z30 


245 


248 


252 


256 






12 


62 


103 


104 


159 


213 


232 


236 


245 


248 


252 






101 


103 


104 


159 


185 


232 


236 


245 


248 


252 








101 


103 


104 


159 


206 


232 


236 


245 


248 


252 








101 


103 


104 


159 


213 


232 


236 


245 


248 


252 
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An even more preferred protease variant useful in the cleaning conipositions of the 
Table VII) selected from the group consisting of: 



N76D 



N76D 



SI 03 A 



SI 03 A 



V104I 



VI 041 



S212P 



N252K 
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N76D 



V4E 



Q12H 



SI 03 A 



N76D 



N62H 



N76D 



N76D 



N76D 



N76D 



N76D 
G20V 



SI 03 A 



VI 041 



SI 03 A 



N76D 



VI 041 



S87R 



S]03A 



SI 03 A 



SI 03 A 
N62S 



SI 03 A 



VI 041 



VI 041 



VI 041 
N76D 



S212P 



VI 041 



G258R 



G159D 



SI 03 A 



S2I2P 



VI 041 



S2I2P 



VI 041 



V268F 



S2I2P 



Q245L 



L217E 



GI59D 



E271V 



£271 V 



N252D 



E27IV 



T134S 



S2I2P 
S103A 



S141N 



Q236L 
VI 041 



S212P 



N243S 



E271V 
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V68A N76D 



SI 03 A 



VI 041 



N76D 



S24T 



V68A 



V68A 



V68A 



V68A 



V68A 



G159D A232V 



0236H 



Q245R 



SI 03 A 



VI 041 



A232V 



Q245R 



V68A 



N76D 



SI 03 A 



VI04I GI59D 



SI 03 A 



N76D 



SI 03 A 



SI 03 A 



A232V 



Q236H 0245R 



V104I 



G159D 



A232V|Q236H 



Q245R 



N252K 



SI 03 A 



VI04I 



VI 041 



VI 041 



SI 03 A 



N43S 



N43K 
N43D 



V68A 



V68A 



V68A 



V68A 



V68A 



V68A 
V68A 



S87G 



SI 03 A 



S103A 



RIOC 



V68A 



S103A 



V68A 



SI 03 A 



V104I 



SI 03 A 



SI 03 A 
SI 03 A 



SI03A 



VI 041 
VI 041 



VI 041 



SI 03 A 



VI 041 



G159D 



G159D 



N140D 



VI 041 



VI 041 
VI 041 



VI 041 



GI59D 
N116D 



G159D 



VI 041 



G159D 



G159D T213R 



A232V 



Q236H I 0245R 



A232V Q236H 



Q245R 



N248D N252K 



A232V I Q236H 



Q245R 



G159D A232V 



Q236H 



Q245R N252K 



T260A 



G159D A232V 



Q236H 



0245RIN252K 



GI59D I 
GI59d| 



A232V 
A232V 



Q236H 
0236H 



GI59D A232V 



A232V I 
G159DI 



Q236H 
A232V 



A232VIQ236H 



G159D A232V 



V203E A232V 



Q245R 
Q245RIN252K 



Q236H 



Q245R N252K 



R275S 



Q245R 
Q236H 



L257V 
Q245R 



Q245R 



N248D 



0236H 



0236H 



Q245R 



Q245R 



V68A 



SI 03 A 



VI 041 



G159D 



A232VIQ236H 



K237E 



Q245R 



V68A 



N76D 



I79N 



SI 03 A 



V104I G159D 



A232V 



Q236H Q245R 



V68A 



SI 03 A 



VI 041 



G159D 



N183D A232V 



Q236H 



V68A 



SI 03 A 



Q245R 



VI 041 



G159D 



A174V| Q206L 



A232V 



Q236HIQ245R 



V68A 



SI 03 A 



VI 041 



G159D 



S188C A232V 



Q236H 



0245R 



V68A 



SI 03 A 



VI 041 



GI59D 



A230T A232V 



0236H 



0245R 



V68A 
V68A 
V68A 
V68A 



A98T 
SI 03 A 
SI 03 A 
N76D 



S103A 
VI04I 
VI04I 
SI 03 A 



VI 041 
G159D 
GI59D 
VI 041 



G1S9D A232V 
A215T A232V 
A232V Q236H 
GI59D A232V 



Q236H 
Q236H 
Q245R 
0236H 



Q245R 
Q245R 
N248S 
Q245R 
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V68A 



V68A 



N76D 



V68A 



N76D 



V68A 



N76D 



V68A 
V68A 



V68A 



0I2R 



V68A 



N76D 



N76D 



SI 03 A 



SI 03 A 



SI 03 A 



SI 03 A 



SI 03 A 



N76D 
N76D 



SI 03 A 



SI 03 A 
VI 041 



VI 041 



VI 041 



VI 04 J 



y^04l GI59D 
A232vlo236H 
G159d|a232V 



VI 041 



N76D 



V68A 



V68A 



V68A 



V68A 



N76D 



SI 03 A 
S103A 



SI 03 A 



L257V R275H 
GI59d|t224A 



G159D A232V 



V1041 GI59D 
V104I GI59D 



V104I G159D 



N76D |sI03a| V1041 



S103A I VIQ4I Ig]59D 



V68A N76D S103A V104I 
J5:^68A_^N76^^ V104I 



S87R 



N76D 



N76D 



|N76D |SI03A 



I V68A I N76D 



QI2R A48V 



|N76D|s103A 



N76D SI 03 A VI 041 
S103A VI04I |GI59n 



SI03A VI04I GI59n 



VI 041 A232V b236H 



SI03A V104I GI59n 



V68A N76D SI 03 A 



VI 041 A232V 0236H 



[N76D S103A 
[N76dJsI03A 



Q12R V68A 
V68A N76D 
V68A N76D 
V68A N76D 
K27R V68A 
I V68A I N76D 



VI04I GI59D YI92F 



VI04I V147I GI59D 



N76D |S103a| VI 041 



' G61E V68A 
I N43D I V68A 



I V68a|sI03A 



I V68A S103A 
|s103A VI04I 
I V68A |SI03A 



V68A I SI 03 A 



SI03A VI 041 
SI 03 A VI 041 
SI 03 A VI 041 
N76D SI 03 A 
S103A I V104I 



SI 03 A 



VI 041 



V104I 
G159D 
VJ04I 



V104I 



G159D 



V104I 



S99N 
A232V 
G159D 



Q109R 



G159D 
G159D 
GI59D 
V104I 
N116T 



G159D 
G159D 



S212P 



G159D 
_Q236H 
Y209W 



GI59D 
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1 G20R 1 V68A SI 03 A VI 041 G159D A232V 0236^ 
1 V68A 1 S103A 1 V104I I G 1 59D 1 Y209F 1 A2^7V 1 n-)ii/:v 


-I 094^1 


V l\z4oJ 

V Nz48l 


^ N252kJ 

:> N252K 






1 V68 A 1 S 1 03 A V 1 041 G 1 59D A232 V Q7 ^fiH n->.1 <i 




> N252f 


C N261D 






1 V68A 1 S103A 1 V104I 1 G159D 1 N185D 1 A':?^7V U-h/:l 


J rv^A^x, 
1 v^^4jr 


I N248E 


) N252K 






1 V68A 1 S103A 1 V104I |g159dIp210R I A7^7V Im^Ai. 


f 09jii<r 


t. N248E 


) N252K 




1 V68A 1 S103A 1 VI04I |G]59dI P210T 1 A^^-^vIm^/;!. 


f r^9yKD 


L N248E 


> N252K 




V68A S103A V104I G159D P210S A232V 0236H 


I Q245P 


. N248E 


) N252K 1 




V68A S103A V104I G159D NISSD P9ini a-''?->V 




024 5 R 


N248DjN252Kl 




V68A S103A V104I G159D P210L A232V 0236H 


0245R 


N248D 


N252K j 1 




V68A S103A V1041 G159dI S212A 1 A232vlo2-?fiH 
V68A S103A V104I G ! 59D | S2 12G A232V 0236H 


0245R 


N248D 
N248D 


N252k[ j 

N252K 




V68A SI 03 A V104I G159D S212E A23''V O^-^fiH 
i V68A S103A V104I G159D T213E A232vlm^^H 


C^z45R 
0245R 


N248D 
N248D 


N2S2K 

N252K j 




1 V68A S103A V104I T213S A232V 1 023fiH 1 094<;t? 
V68A A103V VI 041 G159D T213E A:>'^rvMrmAu" 


N248D 
Q245R 


N252K 
N248D 


N252K 1 




1 V68A S103A V104I G159D T2I3R A9'^9V n^-iAu 


Q245R 


N248D 


N252K 1 




1 V68A 1 S103A 1 V104I lG159DlT2nr, 1 A9T>v lmi/:Lj 


024 5 R 


N248D 


N252K 1 1 




1 V68A S103A VI 041 G159D A215V A9'?9V m-^Au 


Q245R 


N248D 


N252K 




1 V68A 1 S103A 1 V104I Ig159dI A21SR 1 A^-^^v 1 no^i^u 


0245R 


N248D 


N252K 1 j 




1 V68A S103A V104I GI59D S216T A9'?7V m^^u 


024 5 R 


N248D 


N252K 1 




I V68A S103A V104I |g159dI S216V 1 A7'^9V 1 m-iAu 


0245R 


N248D 


N252K 1 




1 V68A 1 S103A 1 V104I |g159dI S2J6C 1 A9'?9V 1 m-^^u 


0245 R 


N248D 


N252K 1 1 




G20A V68A S103A V104I G159D A232V 0236H 


0245R 


N248D 


N252K 




V68A S103A V104I G159D N173D A232V 0236H 


0245R 


N248D 


N252k| j 




1 V68A 1 S103A 1 V104I Ig159D 1 A217V 1 m^AU 1 no/ico 


N24SD 


K25I V 


N252K j 1 




V68A SI 03 A V104I G159D O206R A232V O^-^fiH 
V68A SI 03 A V104I G159D A232V 0236hTo24^ 
V68A S103A V104I G159D A^-^^V no^/^H 1 0-^^I^P 


A en 

v^z45R 
[Nz4oL/ 
1^^401^ 


N248D 
N252F 
N252L 


N252K 1 




P55S V68A S103A V104I G159D A232V 0236H 


0245R ] 


N248D 






V68A S103A V1041 G159D AWV n^ifu 0''-1'iP l 


M9^Crt 1 




r255V j 1 




1 V68A 1 S103A 1 V104I |g159d|a232v|q236H Q245R 1 


^^248D 1 


sr252K . 


S256N 1 1 




V68A S103A V104I G159D A232V Q236h|q245R 1 
V68A S103A V104I G159D A232V Q236H 0245R T 


sr248D 1 
SI248D } 


^252K . 
M252K : 


S2S6E 1 1 
S256R j 




V68A S103A V104I G159D A232V 0236H Q245R 1 
V68A S103A V104I G159D A232v|q236h|q245R \ 
1 V68A |S103A 1 V104I |g159d|a232v|q236h|q245R ? 


4248D \ 
424 8D > 
J248D|h 


^J252K ' 
4252K I 
J252k|c 


r260R 1 1 
^257R 1 1 
i258D 1 1 
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I8V I V68A I S103A V104I 



V68A|s103a| V104I N116S 



V68A I S103A V104I G159D 



V68A I S103A I V104I G159D 



V68A I N76D I S103A V104I 



V68A |S]03A I V104I A232V 



S103A| V104I |g1S9D A232S 



G159D 



G159D 



A232V 



A232V 



G159D 



Q236H 



Q236H 
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A232V[Q236H 



Q236H I Q245R 



Q236H I Q245R 



A232V|q236H 



Q245R|n248D 



Q245R|n248D 



N18S I V68A I S103A V104I 



V68A I S103A I V104I |G]59D 



V68A N76D SIOIT S103A 
V68A I S103A I V104I G159D 



T33S V68A N76D S103A 
V68A N76D E89D SI 03 A 
G61E I V68A I N76D I S103A 



S103A| V104I |g159d| V205I 



Q236R|q245R 



G159D 



A232V 



VI 041 
A228V 



VI 041 
VI 041 
V104I 



P210I 



A232V|Q236H 



0236H|Q245V 



G159D T213R 
A232v)q236H 



Q245R 



Q245R 



N248D 



N248D 



0245R 



N252K 



N252K 



N248D 



N248D 



N252K 



N252K 



N248D 



N248D 



Q245R 



N248D 



G159D A232V 
G159D P210L 
G159D A232V 



A232V|q236H 



N218S 
Q245R 



Q236H 
T213R 
0236H 



Q245R 



N252K 



N248D 



N252K 



A232V 
N248D 



N252K 



N252K 



N261R 



N261D 



N252K 



N252K 



Q245R 
A232V 
0245R 



Q236H 
N252K 



N269D 



T260E 



0245R 



N248D 
Q236H 
N248D 



T260A 



N252K 
Q245R 
N252K 



T260A 



G61E V68A S103A V104I 
G61E I V68A |si03A | V104I 



G61E I S103A I V104I |a133V 



V68A I S103A I V1041 G159D 



V68A S103A I V104I |g159D 



G61E V68A |$103a| VI 041 



S3L I G61E I V68A N76D 



G61E V68A I SI03A | V104I 



G97E S103A V1041 G159D 



A98D S103A V1041 G159D 



S99E S103A V104I C159D 
SIOIE S103A V104I |g159D 
S10]g|s103A V104I |g159D 



S130A 
A133S 



GI59D 



A232V 
N218S 



G159D 



SI03A 



G159D A232V 
Q137r|g]59D 



Q236H 
A232V 



A232V[q236H 



Q245R 



Q245R 
Q236H 



N248D 
Q245R 



N252K 
N248D 



N252K 



N248D 



N252K 



Q236H Q245R 
A232V[0236H 



N248G 
0245R 



SI 60V A232V 



Q236H 



G159D 



A232V 



A232V 



G102A S103A 



S103A V104I 



SI 03 A 
S103A 



SI 03 A 
N62D 
SI 03 A 



VI 041 
VI 041 



V1041 
SI 03 A 
VI 041 



VI 041 G159D 



SI06E G159D 
Q109E G159D 
G159D A232V 



A232V 
A232V 
A232V 



A232V 



Q109R G1S9D 
V1041 G159D 
G159D N184D 



A232V 
A232V 
Q236H 



VJ04I A232V 



0236H 



SI67F A232V 



0236H 



N252K 
N248D 



N252K 



Q245R 



N248D 



N252K 



Q245R 



N248D 



N252K 



0245R 



N248D 



0236H 



Q236H 



Q236H 
Q236H 
Q236H 



Q236H 



Q245R 



N248D 



Q245R 



N248D 



Q245R 
0245R 



N248D 
N248D 



Q245R N248D 



0245R 



N248D 



A232V 
A232V 
A232V 



Q236H 
Q236H 
Q245R 



Q236H 
Q236H 
Q236H 



Q245R 
Q245R 
N248D 



0245R 
Q245R 
Q245R 



N248D 
N248D 
N252K 



N248D 
N248D 
N248D 



N252K 



N252K 



N252K 



N252K 
N252K 
N252K 



N252K 



N252K 
N252K 
N261R 



N252K 
N252K 
N252K 
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VI rt^l 




' oJooU 


A232 V 


^ Q23oh 


I Q245P 


. N248E 


> N252K 










SI 03 A 


VI 041 






A 10'^\ 

A232 V 


y236h 


1 0245R 


N248I: 


) N252K 














O 1 ujA 


V 1U41 


GI59L 


> T213R 


A232V 


' 0236H 


f Q245R 


. N248E 


> N252K 








^ 1 UjA 


VI ri/iT 

V 1 U*+l 




T213R 


A232V 


Q236H 


0245R 


N248C 


^ N252K 










V J yjHi 




Q206K 


L2I7E 


A232V 


0236H 


0245R 


N248D 


N252K 










O i u J A 


V J U41 


VjIdVD 


/^•O A^T» 

Q206R 


A232V 


Q236H 


024 5 R 


N248D 


N252K 










VI 041 

V 1 1 






A232V 


Q236H 


Q245R 


N248D 


N252K 












V J i 


r 1 J 1 V 




A '0^ "OX 7 

A2j2V 


Q236H 


024 5 R 


N248D 


N252K 










K27N 


910'^ A 


VI 04 1 






Q236H 


0245 R 


N248D 


N252K 












o J UJA 


V i U4J 


1 cAf~\ 


A222V 


0236H 


0245R 


N248D 


N252K 












IN /OU 


C 1 AO A 

b 1 03 A 


VI04I 


GI59D 


T213R 


A232V 


0236H 


0245R 


T260A 








VOoA 


N /ou 


C 1 AO A 

S> I UiA 


1 7 1 A >t 1 

VI 041 


GI59D 


T213R 


A232V 


0236H 


0245R 


T260A 


E27IG 






V06A 


N /DU 


C 1 AO A 

bl03A 


VI 041 


GI59D 


Y209W 


T2I3R 


A232V 


0236H 


0245R 


T260A 
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St.II yet an even more preferred protease variant useful in the cleaning composition 
of the presem invention include a substitution set selected from the group consisting of the 
substitution sets in Table VI except for the following substitution set of Table VIII- 
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Still yet an even more preferred protease variant useful in the cleaning composition 
of the present invention include a substitution set selected from the group consisting of the 
substitution sets in Table IX: 
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StilJ yet an even more preferred protease variant useful in the H., • 
of the present invention include a substitution set selected fl 1 ' 
substitution sets in Table X: °" ^'^^^ 
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A highly preferred protease variant useful in the cleaning compositions of the 
present invention include a substitution set selected from the group consisting of: 

12/1 02/1 03/104/1 59/212/232/236/245/248/252; 61/68/1 03/1 04/1 59/232/236/245/248/252; 
62/1 03/1 04/1 30/1 59/2 13/232/236/245/248/252; 62/1 03/1 04/1 59/2 1 3/232/236/245/248/252; 
62/1 03/1 04/1 09/1 59/2 13/232/236/245/248/252; 62/1 03/1 04/1 59/232/236/245/248/252; 
62/1 0 1/1 03/1 04/1 59/2 12/2 13/232/236/245/248/252; 
68/1 03/1 04/1 59/232/236/245/248/252/270; 

68/1 03/1 04/1 59/1 85/232/236/245/248/252; 68/1 03/1 04/1 59/2 1 0/232/236/245/248/252; 
68/1 03/1 04/1 59/1 85/2 1 0/232/236/245/248/252; 68/1 03/1 04/1 59/2 1 3/232/236/245/248/252- 



68/1 03/1 04/1 59/230/232/236/245; 
68/1 03/1 04/232/236/245/248/257/275; 
68/1 03/1 04/1 59/232/236/245/248/252; 
68/76/1 03/1 04/1 59/232/236/245; 
68/1 03/1 04/1 59/232/236/245; 
68/76/ 1 03/1 04/1 59/2 1 1 /232/23 6/245; 
68/1 03/1 04/1 59/2 1 0/232/236/245; 
68/76/1 03/1 04/1 59/2 1 3/232/236/245/260; 
68/1 03/1 04/1 59/1 83/232/236/245/248/252; 
68/1 03/1 04/1 59/2 1 3/232/236/245; 
76/1 03/1 04/1 59/2 1 3/232/236/245/260; 
97/1 03/1 04/1 59/232/236/245/248/252; 



68/76/1 03/1 04/1 59/209/232/236/245; 
68/1 03/1 04/2 13/232/236/245/248/252; 
68/1 03/1 04/1 59/209/232/236/245; 
68/1 03/1 04/1 59/232/236/245/252; 
68/1 03/1 04/1 59/232/236/245/257; 
68/76/1 03/1 04/1 59/2 1 5/232/236/245; 
68/1 03/1 04/1 59/2 1 3/232/236/245/260; 
68/76/1 03/1 04/1 59/2 1 0/232/236/245/260; 
68/1 03/1 04/232/236/245/257/275; 
76/103/104/159/232/236/245; 
76/1 03/1 04/1 3 1/1 59/232/236/245/248/252; 
98/1 03/1 04/1 59/232/236/245/248/252; 



98/1 02/1 03/1 04/1 59/2 1 2/232/236/245/248/252; 1 0 1 /1 03/1 04/ 1 59/232/236/245/248/252 • 



1 02/1 03/1 04/1 59/232/236/245/248/252; 

1 03/1 04/1 59/248/252/270; 

1 03/1 04/1 59/205/209/232/236/245/257 

1 03/1 04/1 59/205/209/2 1 0/232/236/245/257; 

1 03/1 04/1 59/2 1 7/232/236/245/248/252; 

1 03/1 04/1 3 1/1 59/232/236/245/248/252; 

1 03/1 04/1 59/232/236/245/257. 



103/104/159/232/236/245; 

1 03/1 04/1 59/232/236/245/248/252; 

1 03/1 04/1 59/232/245/248/252; 

1 03/1 04/1 59/2 1 3/232/236/245/248/252; 

1 03/1 04/1 30/1 59/232/236/245/248/252; 

1 03/1 04/1 59/205/209/232/236/245; and 



A more highly preferred protease variant useful in the cleaning compositions of the 
present invention include a substitution set selected from the group consisting of: 
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12R/1 02A/1 03 A/I 041/1 59D/2 12G/232 V/236H^45R/248D/252K; 

61E/68A/103A/104I/159D/232V/236H/245R/248D/252K; 
62D/103A/104I/1O9R/159D/213R/232V/236H/245R/248D/252K; 
62D/103A/104I/159D/213R/232V/236H/245R/248D/252K; 
62D/103A/104I/159D/232V/236H/245R/248D/252K; 
62D/1 03 A/1 04I/1 30G/1 59D/2 1 3R/232 V/236H/245R/248D/252K- 

62D/101G/103A/104I/I59D/212G/213R/232V/236H/245R/248D/25iK; 
68A/76D/103A/104I/159D/213R/232V/236H/245R/260A; 
68A/76D/1 03 A/1 041/1 59D/21 01/232V/236H/245R/260A; ' 

68A/1 03 A/1 041/1 59D/1 83D/232V/236H/245R/248D/252K; 
68A/1 03A/1 041/1 59D/209W/232V/236H/245R; 
68A/76D/1 03A/1 041/1 59D/2 1 1 R/232V/236H/245R; 
68A/76D/1 03A/1 041/1 59D/21 5R/232V/236H/245R; 
68A/1 03A/1 041/1 59D/2 1 3R/232V/236H/245R/260A; 
68A/76D/1 03 A/1 041/1 59D/232V/236H/245R; 
68A/1 03 A/1 041/1 59D/232V/236H/245R/252K; 

68A/1 03A/1 041/1 59D/232V/236H/245R; 
68A/103A/104I/159D/232V/236H/245R/257V; 
68A/1 03A/1 041/1 59D/1 85D/232V/236H/245R/248D/252K; 
68A/1 03 A/1 041/1 59D/2 1 0L/232V/236H/245R/248D/252K; 
68A/1 03A/1 041/1 59D/1 85D/2 1 0L/232V/236H/245R/248D/252K; 
68A/1 03A/1 041/1 59D/2 13E/232V/236H/245R/248D/252K; 
68A/1 03 A/1 041/1 59D/230V/232V/236H/245R; 
68A/76D/1 03A/1 041/1 59D/209W/232V/236H/245R; 
68A/103A/104I/232V/236H/245R/248D/257V/275H; 

68A/1 03 A/1 04I/232V/236H/245R/257V/275H; 
68A/1 03 A/1 041/2 1 3E/232 V/236H/245R/248D/252K; 
68A/1 03A/1 041/1 59D/232 V/236H/245R/248D/252K; 
68A/1 03A/1 04I/1 59D/21 0I/232V/236H/245R; 
68A/1 03 A/1 041/1 59D/2 1 0L/232V/236H/245R; 
68A/1 03A/1 041/1 59D/2 1 3G/232V/236H/245R; 
68A/1 03A/1 041/1 59D/232V/236H/245R/248D/252K/270A; 

76D/103A/104I/159D/232V/236H/245R; 
76D/1 03 A/1 041/1 3 1 V/ 1 59D/232V/236H/245R/248D/252K; 
76D/1 03 A/1 041/1 59D/2 1 3R/232V/236H/245R/260A; 
97E/1 03A/1 041/1 59D/232V/236H/245R/248D/252K; 
98L/103A/104I/159D/232V/236H/245R/248D/252K- 
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98U102A/103A/104I/159D/212G/232V/236H/245R/248D/252K- 
1 0 1 G/1 03 A/1 041/1 59D/232V/236H/245R/248D/252K; 
1 02A/] 03 A/1 041/1 59D/232V/236H/245R/248D/252K;' 

1 03 A/1 041/1 59D/232V/236H/245R/248D/252K; 
1 03A/] 041/1 59D/2 1 3R/232V/236H/245R/248D/252K; 
1 03A/1 041/1 30G/1 59D/232V/236H/245R/248D/252k! 
1 03A/1 041/1 59D/2 1 7E/232V/236H/245R/248D/252K; 
1 03A/1 041/1 59D/248D/252K/270V; 
1 03A/1 041/1 59D/232V/236H/245R; 
1 03A/1 041/1 59D/205I/209W/232V/236H/245R; 
1 03A/1 041/1 59D/232V/236H/245R/257V; 
103A/104I/159D/205I/209W/232V/236H/245R/257V; 
1 03A/1 041/13 1 V/1 59D/232 V/236H/245R/248D/252k'; 

103A/104I/159D/205I/209W/2]0I/232V/236H/245R/257V;and 
1 03 A/1 041/1 59D/232V/245R/248D/252K. 

Rggomhinam Protf a f ?es^rcombin.nt S..hT.|i ^ in i - A "recombinant protease" or 
"recombinant subtilisin" refers to a protease or subtilisin in which the DNA sequence 
encodmg the naturally-occurring protease or subtilisin, respectively, is modified to produce 
a mutant DNA sequence which encodes the substitution, insertion or deletion of one or 
more ammo acids in the protease or subtilisin amino acid sequence. Suitable modification 
methods are disclosed herein, and in U.S. Patent Nos. RE 34,606. 5.204,015 and 5,185.258 
Non-Humfin PrnffasCf>^on-H^.mt»n SnhTil i- in i - "Non-human proteases" or "non- 
human subtilisins" and the DNA encoding them may be obtained from many procaryotic 
and eucaryotic organisms. Suitable examples of procaryotic organisms include gram 
negative organisms such as E. coli or Pseudomonas and gram positive bacteria such as 
M^crococcus or Bacillus. Examples of eucaryotic organisms from which carbonyl 
hydrolase and their genes may be obtained include yeast such as Saccharomyces cerevisiae 
fiing. such as Aspergillus sp. and non-human mammalian sources such as. for example 
born,e sp. from which the gene encoding the protease chymosin or subtilisin chymosin can 
be obtamed. A series of proteases and/or subtilisins can be obtained from various related 
spec.es which have amino acid sequences which are not entirely homologous between the 
members of that series but which nevertheless exhibit the same or similar type of biological 
activity. Thus, non-human protease or non-human subtilisin as used herein have a 
functional definition which refers to proteases or subtilisins, respectively, which are 
associated, directly or indirectly, with procaryotic and eucaryotic sources 
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Var i ant PNA SpqUPnr.e«; - Variant DNA sequences encoding such protease or 
subtilisin variants are derived from a precursor DNA sequence which encodes a naturally- 
occurring or recombinant precursor enzyme. The variant DNA sequences are derived by 
modifying the precursor DNA sequence to encode the substitution of one or more specific 
ammo ac.d residues encoded by the precursor DNA sequence corresponding to positions 
103 m combination with one or more of the following positions 1,348 10 12 13 15 
16, 17, 18, 20, 21, 22. 24, 25, 27. 33, 37, 38, 42, 43, 48, 55, 57, 61, ei, 68,' 72,' 75' 16 11 

78,79,86,87.89.97,98.99,101,102, 104,106,107.109,111,1,4,115 116 l'l7 'll9 
121. 123, 128, 130, 131, 133, 134, 137, 140, 141, ,42, 146, 147, ,58. 159, ,60, I61' 166 
167, 170, 173. 174, ,77, 181, 182, ,83, 184, 185, 188, 192, 194, 198,203,204,205 206 
209, 210, 21 1, 212, 213. 214, 215. 216. 217, 218, 222, 224. 227, 228, 230. 232, 236 237 
238, 240. 242, 243. 244, 245, 246, 247, 248, 249. 251, 252, 253, 254, 255, 256, 257,' 258' 
259, 260, 261. 262, 263, 265, 268, 269, 270, 271. 272, 274 and 275 of Bacillus 
amyloliguefaciens subtilisin; wherein when said protease variant includes a substitution of 
amino acid residues at positions corresponding to positions 1 03 and 76, there is also a 
subtitution of an amino acid residue at one or more amino acid residue positions other than 
amino acid residue positions corresponding to positions 27, 99, 101, 104 107 109 123 
128. 166, 204, 206, 210, 216, 217, 218. 222. 260, 265 or 274 of Bacillus\myloUg^efaciens 
subtihsm. Although the amino acid residues identified for modification herein are 
identified according to the numbering applicable to B. amyloliquefaciens (which has 
become the conventional method for identifying residue positions in ail subtilisins), the 
preferred precursor DNA sequence useful for the presem invention is the DNA sequence of 
Bacillus lentus as shown in Fig. 3. 

In a preferred embodiment, these variant DNA sequences encode the 
substitution, insertion or deletion of the amino acid residue corresponding to position 103 
of Bacillus amyloliquefaciens subtilisin in combination with one or more additional amino 
acid residues corresponding to positions 1, 3, 4, 8, 9, 10. 12. 13, 16, 17. 18. 19, 20. 21, 22, 
24, 27, 33, 37, 38, 42, 43, 48, 55, 57, 58, 61, 62, 68, 72, 75, 76, 77, 78, 79. 86, 87, 89 97 ' 
98,99. 101, 102, 104, 106. 107, 109, 111. 114, 116, 117. 119. 121, 123, 126, 128. 130, 131 
133, 134, 137, 140. 141. 142, 146. 147. 158, 159. 160. 166. 167. 170, ,73, 174, 177. 181. ' 
182, 183, 184, 185. 188, 192, 194, 198. 203, 204, 205, 206. 209, 210, 21 1, 212, 213.' 214' 
215, 216, 217. 218, 222. 224, 227, 228, 230, 232, 236, 237, 238, 240, 242, 243, 244' 245' 
246, 247, 248, 249. 251, 252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263,' 265,' 
268, 269, 270. 271, 272, 274 and 275 of Bacillus amyloliquefaciens subtilisin; wherein ' 
when said protease variant includes a substitution of amino acid residues at positions 
corresponding to positions 103 and 76, there is also a subtitution of an amino acid residue 
at one or more amino acid residue positions other than amino acid residue positions 
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corresponding to positions 27, 99, 101, 104, 107, 109, 123, 128, 166,204 206 210 216 
217, 218, 222, 260, 265 or 274 of Backus amyloli,ueJaoiens subtilisin. More prefei^biy 
these variant DNA sequences encode the protease variants described herein 

In another prefeired embodiment, these variant DNA sequences encode the 
substitution, insertion or deletion of one or more of the amino acid residues corresponding 
to positions 62. 212. 230, 232, 252 and 257 Bacillus amyloli,ueJaciens subtilisin. More 
preferably, these variant DNA sequences encode the protease variants described herein 

Although the amino acid residues identified for modification herein are identified 
accordmg to the numbering applicable to B amyloliguefaciens (which has become the 
conventional method for identifying residue positions in all subtilisins), the preferred 
precursor DNA sequences useful for the present invention is the DNA sequence of Bacillus 
lentus as shown in Fig. 3. 

These recombinant DNA sequences encode protease variants having a novel amino 
ac.d sequence and, in general, at least one property which is substantially differem from the 
same property of the enzyme encoded by the precursor protease DNA sequence Such 
properties include proteolytic activity, substrate specificity, stability, altered pH profile 
and/or enhanced performance characteristics. 

Specific substitutions corresponding to positions 103 in combination with one or 

more ofthefollowingpositions 1.3, 4. 8,9, 10. 12, 13,16,17, 18,19,20,21 22 24 27 
33, 37, 38. 42. 43. 48. 55, 57. 58. 61, 62, 68, 72. 75. 76. 77, 78. 79, 86, 87, 89, 97 98 99 
101, 102, 104. 106. 107, 109, 1 1 1, 1 14, 1 16. 1 17, ] 19, 121, 123, 126, 128, 130, 131 '133' 
134, 137, 140, 141, 142, 146. 147, 158. 159, 160, 166, 167. 170. 173. 174, 177. I81' 182 
183. 184. 185, 188. 192, 194, 198.203,204,205,206.209.210.211,212,213 214'215' 

216, 217. 218, 222, 224, 227, 228. 230. 232. 236, 237, 238, 240, 242, 243, 244,' 245' 246* 
247, 248. 249. 251. 252, 253, 254. 255. 256. 257. 258. 259, 260, 261, 262, 263, 265' 268' 
269, 270, 271, 272. 274 and 275 of ^ac///u. amyloliquefaciens subtilisin; wherein when ' 
said protease variant includes a substitution of amino acid residues at positions 
corresponding to positions 103 and 76. there is also a subtitution of an amino acid residue 
at one or more amino acid residue positions other than amino acid residue positions 
corresponding to positions 27. 99, 101, 104, 107. 109. 123. 128, 166,204,206,210,216. 

2 1 7. 2 1 8. 222. 260, 265 or 274 wherein the numbered positions con-espond to the nlturally- 
occurrmg subtilisin from Bacillus amyloliguefaciens or to equivalent amino acid residues in 
other carbonyl hydrolases or subtilisins (such as Bacillus lentus subtilisin) are described 
herem. Further, specific substitutions con-esponding to one or more of the following 
positions 62, 212. 230. 232. 252 and 257 wherein the numbered positions con^spond to the 
naturally-occurring subtilisin from Bacillus amyloliquefaciens or to equivalent amino acid 
residues in other carbonyl hydrolases or subtilisins (such as Bacillus lentus subtilisin) are 
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described herein. These amino acid position numbers refer to those assigned to the mature 
Bacmus amyloliguefaciens subtilisin sequence presented in Fig. 1 . The present invention 
however, is not limited to the use of mutation of this particular subtilisin but extends to ' 
precursor proteases containing amino acid residues at positions which are "equivalent" to 
the particular identified residues in Bacillus amyloliquefaciens subtilisin. In a prefen-ed 
embodiment of the present invention, the precursor protease Bacillus lentus subtilisin and 
he subst.tut,ons. deletions or insertions are made at the equivalent amino acid residue in B 
lentus corresponding to those listed above. 

A residue (amino acid) of a precursor protease is equivalent to a residue of Bacillus 
an,yloU,uefaciens subtilisin if it is either homologous (i.e., corresponding in position in 
ether pnmary or tertiao' structure) or analogous to a specific residue or portion of that 
residue ,n Bacillus amyloli,uefaciens subtilisin (i.e., having the same or similar functional 
capacity to combine, react or interact chemically). 

In order to establish homology to primary structure, the amino acid sequence of a 
precursor protease is directly compared to the Bacillus amyloli,uefaciens subtilisin prima^^ 
sequence and particularly to a set of residues known to be invariant in subtilisins for which 
sequence is known. For example. Fig. 2 herein shows the conserved residues as between B 
amyloliguejaciens subtilisin and B lentus subtilisin. After aligning the conserved residues ' 
allowmg for necessary insertions and deletions in order to maintain alignment (i e 
avoiding the elimination of conserved residues through arbitrao' deletion and insertion) the 
residues equivalent to particular amino acids in the primar, sequence of Bacillus 
amyloliguefaciens subtilisin are defined. Alignment of conserved residues preferably 
should conserve lOOo/o of such residues. However, alignment of greater than 15V. or as 
imle as 50% of conserved residues is also adequate to define equivalent residues 
Conservation of the catalytic triad, Asp32/His64/Ser22 1 should be maintained. 

For example, in Fig. 3 the amino acid sequence of subtilisin from Bacillus 
amyloliguefaciens. Bacillus subtilis. Bacillus licheniformis (carlsbergensis) and Bacillus 
lentus are aligned to provide the maximum amount of homology between amino acid 
sequences. A comparison of these sequences shows that there are a number of conserved 
residues contained in each sequence. These conserved residues (as between BPN' and B 
lentus) are identified in Fig. 2. 

These conserved residues, thus, may be used to define the con^sponding equivalent 
ammo acid residues of Bacillus lentus (PCT Publication No. WO89/06279 published July 
13. 1 989), the preferred protease precursor enzyme herein, or the subtilisin referred to as 
PB92 (EP 0 328 299). which is highly homologous to the preferted Bacillus lentus 
subtiUsm. The amino acid sequences of certain of these subtilisins are aligned in Figs 3A 
and 3B with the sequence of Bacillus amyloliguefaciens subtilisin to produce the maximum 
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homology of conserved residues. As can be seen, there are a number of deletion in the 
sequence of Bacillus lentus as compared to Bacillus amyloUquefaciens subtilisin. Thus, for 
example, the equivalent amino acid for Val 1 65 in Bacillus amyloUquefaciens subtilisin in 
the other subtilisins is isoleucine for B. lentus andB. licheniformis. Thus, for example, 
the amino acid at position +76 is asparagine (N) in both B. amyloUquefaciens and B. lentus 
subtilisins. In the protease variants of the invention, however, the amino acid equivalent to 
+76 in Bacillus amyloUquefaciens subtilisin is substituted with aspartate (D). The 
abbreviations and one letter codes for all amino acids in the present invention conform to 
the Patentin User Manual (GenBank, Mountain View, CA) 1990, p. 101. 

"Equivalent residues" may also be defined by determining homology at the level of 
tertiary structure for a precursor protease whose tertiary structure has been determined by 
x-ray crystallography. Equivalent residues are defined as those for which the atomic 
coordinates of two or more of the main chain atoms of a particular amino acid residue of 
the precursor protease and Bacillus amyloUquefaciens subtilisin (N on N, CA on CA, C on 
C and O on O) are within 0.13nm and preferably O.lnm after alignment. Alignment is 
achieved after the best model has been oriented and positioned to give the maximum 
overlap of atomic coordinates of non-hydrogen protein atoms of the protease in question to 
the Bacillus amyloUquefaciens subtilisin. The best model is the crystallographic model 
giving the lowest R factor for experimental diffraction data at the highest resolution 
available. 

R factor = ^^\Fo(h)\-\Fc(h)\ 
'^H\Fo(h)\ 

Equivalent residues which are functionally analogues to a specific residue of 
Bacillus amyloUquefaciens subtilisin are defined as those amino acids of the precursor 
protease which may adopt a conformation such that they either alter, modify or contribute 
to protein structure, substrate binding or catalysis in a manner defined and attributed to a 
specific residue of the Bacillus amyloUquefaciens subtilisin. Further, they are those 
residues of the precursor protease (for which a tertiary structure has been obtained by x-ray 
crystallography) which occupy an analogous position to the extent that, although the main 
chain atoms of the given residue may not satisfy the criteria of equivalence on the basis of 
occupying a homologous position, the atomic coordinates of at least two fo the side chain 
atoms of the residue lie with 0.13nm of the corresponding side chain atoms of Bacillus 
amyloUquefaciens subtilisin. The coordinates of the three dimensional structure of Bacillus 
amyloUquefaciens subtilisin are set forth in EPO Publication No. 0 25 1 446 (equivalent to 
US Patent 5,182,204, the disclosure of which is incorporated herein by reference) and can 
be used as outlined above to determine equivalent residues on the level of tertiary structure. 
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Some of the residues identified for substitution, insertion or deletion are conserved 
residues whereas others are not. In the case of residues which are not conserved, the 
replacement of one or more amino acids is limited to substitutions which produce a variant 
which has an amino acid sequence that does not correspond to one found in nature. In the 
case of conserved residues, such replacements should not result in natural-occurring 
sequence. The protease variants of the present invention include the mature forms of 
protease variants, as well as the pro- and pre-pro-fonns of such protease variants. The 
prepro-forms are the preferred construction since this facilitates the expression, secretion 
and maturation of the protease variants. 

"Prosequence" refers to a sequence of amino acids bound to the N-terminal portion 
of the mature form of a protease which when removed results in the appearance of the 
"mature" form of the protease. Many proteolytic enzymes are found in nature as 
translational proenzyme products and, in the absence of post-translational processing are 
expressed m this fashion. A preferred prosequence for producing protease variants is the 
putative prosequence of Bacillus amyloliquefaciens subtilisin, although other protease 
prosequences may be used. 

A "signal sequence" or "presequence" refers to any sequence of amino acids bound 
to the N'terminal portion of a protease or to the N-terminal portion of a proprotease which 
may participate in the secretion of the mature or pro forms of the protease. This definition 
of signal sequence is a functional one, meant to include all those amino sequences encoded 
by the N-terminal portion of the protease gene which participate in the effectuation of the 
secretion of protease under native conditions. The present invemion utilizes such 
sequences to effect the secretion of the protease variants as defined here. One possible 
signal sequence comprises the first seven amino acid residues of the signal sequence from 
Bacillus subtilis subtilisin fused to the remainder of the signal sequence of the subtilisin 
from Bacillus lentusJATCC 21536). 

A "prepro" form of a protease variant consists of the mature form of the protease 
having a prosequence operably linked to the amino terminus of the protease and a "pre" or 
"signal" sequence operably linked to the amino teiminus of the prosequence. 

"Expression vector" refers to a DNA construct comaining a DNA sequence which 
is operably linked to a suitable control sequence capable of effecting the expression of said 
DNA in a suitable host. Such control sequences include a promoter to effect transcription, 
an optional operator sequence to control such transcription, a sequence encoding suitable 
mRNA ribosome binding sites and sequences which control termination of transcription 
and translation. The vector may be a plasmid, a phage particle, or simply a potential 
genomic insert. Once transformed into a suitable host, the vector may replicate and 
function independently or the host genome, or may. in some instances, integrate into the 
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genome itself. In the present specification, "plasmid" and "vector" are sometimes used 
interchangeably as the plasmid is the most commonly used form of vector at present. 
However, the invemion is intended to include such other forms of expression vectors which 
serve equivalent functions and which are, or become, known in the art. 

The "host cells" used in the present invention generally are procaryotic or 
eucaryotic hosts which preferably have been manipulated by the methods disclosed in US 
Patent RE 34,606 to render them incapable of secreting enzymatically active endoprotease. 
A preferred host cell for expressing protease is the Bacillus strain BG2036 which is 
deficient in enzymatically active neutral protease and alkaline protease (subtilisin). The 
construction of strain BG2036 is described in detail in US Patent 5,264,366. Other host 
cells for expressing protease include Bacillus subtilis 168 (also described in US Patent RE 
34,606 and US Patent 5,264,366, the disclosure of which are incorporated herein by 
reference), as well as any suitable Bacillus strain such as B. licheniformis, B. lentus.etc). 

Host cells are transformed or transfected with vectors constructed using 
recombinant DNA techniques. Such transformed host cells are capable of either replicating 
vectors encoding the protease variants or expressing the desired protease variant. In the 
case of vectors which encode the pre- or prepro-form of the protease variant, such variants, 
when expressed, are typically secreted from the host cell in to the host cell medium. 

"Operably linked, "when describing the relationship between two DNA regions, 
simply means that they are functionally related to each other. For example, a prosequence 
is operably linked to a peptide if it functions as a signal sequence, participating in the 
secretion of the mature form of the protein most probably involving cleavage of the signal 
sequence. A promoter is operably linked to a coding sequence if it controls the 
transcription of the sequence; a ribosome binding site is operably linked to a coding 
sequence if it is positioned so as to permit translation. 

The genes encoding the naturally-occurring precursor protease may be obtained in 
accord with the general methods known to those skilled in the art. The methods generally 
comprise synthesizing labeled probes having putative sequences encoding regions of the 
protease of interest, preparing genomic libraries from organisms expressing the protease, 
and screening the libraries for the gene of interest by hybridization to the probes. 
Positively hybridizing clones are then mapped and sequenced. 

The cloned protease is then used to transform a host cell in order to express the 
protease. The protease gene is then ligated into a high copy number plasmid. This plasmid 
replicates in hosts in the sense that it contains the well-known elements necessary for 
plasmid replication: a promote operably linked to the gene in question (which may be 
supplied as the gene's own homologous promoter if it is recognized, i.e. transcribed by the 
host), a transcription termination and polyadenylation region (necessary for stability of the 
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mRNA transcribed by the host from the protease gene in certain eucaryotic host cells) 
which .s exogenous or is supplied by the endogenous terminator region of the protease gene 
and, desirably, a selection gene such as an antibiotic resistance gene that enables 
continuous cultural maintenance of plasmid-infected host cells by growth in antibiotic- 
contammg n^edia. High copy number plasmids also contain an origin of replication for the 
host, thereby enabling large numbers of plas.ids to be generated in the cytoplasn, without 
chromosomal limitation. However, it is within the scope herein to integrate multiple copies 
of the protease gene into host genome. This is facilitated by procao'otic and eucaryotic 
organisms which are particularly susceptible to homologous recombination. TTie gene 
can be a natural B. lentus gene. Alternatively, a synthetic gene encoding a naturally- 
occurring or mutant precursor protease may be produced. In such an approach, the DNA 
and/or amino acid sequence of the precursor protease is determined. Multiple, overlapping 
synthetic smgle-stranded DNA fragments are thereafter synthesized, which upon 
hybridization and ligation produce a synthetic DNA enclding the precursor protease An 
example of synthetic gene construction is set forth in Example 3 of US Patent 5 204 105 
the disclosure of which is incorporated herein by reference. 

Once the naturally-occurring or synthetic precursor protease gene has been cloned 
a number of modifications are undertaken to enhance the use of the gene beyond synthesis' 
of the naturally-occurring precursor protease. Such modifications include the production of 
recombinant proteases as disclosed in US Patent RE 34,606 and EPO Publication No 0 251 
446 and the production of protease variants described herein. 

The following cassette mutagenesis method may be used to facilitate the 
construction of the proteases variants of the present invention, although other methods may 
be used. First, the naturally-occun-ing gene encoding the protease is obtained and 
sequenced in whole or in part. Then the sequence is scanned for a point at which it is 
desired to make a mutation (deletion, insertion or substitution) of one or more amino acids 
m the encoded enzyme. The sequences flanking this point are evaluated for the presence of 
restriction sites for replacing a short segmem of the gene with an oligonucleotide pool 
which, when expressed will encode various mutants. Such restriction sites are preferably 
unique sites within the protease gene so as to facilitate the replacement of the gene 
segment. However, any convenient restriction site which is not overly redundam in the 
protease gene may be used, provided the gene fragments generated by restriction digestion 
can be reassembled in proper sequence. If restriction sites are not present at locations 
within a convenient distance from the selected point (from 10 to 15 nucleotides), such sites 
are generated by substituting nucleotides in the gene in such fashion that neither the reading 
frame nor the amino acids encoded are changed in the final constrtiction. Mutation of the 
gene in order to change its sequence to confonn to the desired sequence is accomplished by 
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MB primer extension in accord with generally known methods. The task of locating 
suitable flanking regions and evaluating the needed changes to arrive at two convenient 
restriction site sequences is made routine by the redundancy of the genetic code, a 
restriction enzyme map of the gene and the large number of different restriction'enzymes. 
Note that if a convenient flanking restriction site if available, the above method need be 
used only in connection with the flanking region which does not contain a site. 

Once the naturally-occurring DNA or synthetic DNA is cloned, the restriction sites 
flanking the positions to be mutated are digested with the cognate restriction enzymes and a 
plurality of end termini-complementary oligonucleotide cassettes are ligated into the gene. 
The mutagenesis is simplified by this method because all of the oligonucleotides can be 
synthesized so as to have the same restriction sites, and no synthetic linkers are necessary 
to create the restriction sites. As used herein, proteolytic activity is defined as the rate of 
hydrolysis of peptide bonds per milligram of active enzyme. Many well known procedures 
exist for measuring proteolytic activity (K. M. Kalisz, "Microbial Proteinases." Advances 
in BipghemiCfll Ensinegrinp/Bioterhnoloc y, A. Fiechter ed., 1988). In addition to or as an 
alternative to modified proteolytic activity, the variant enzymes of the present invention 
may have other modified properties such as K„, k.,,, k„/K„ ratio and/or modified substrate 
specifically and/or modified pH activity profile. These enzymes can be tailored for the 
particular substrate which is anticipated to be present, for example, in the preparation of 
peptides or for hydrolytic processes such as laundry uses. 

In one aspect of the invention, the objective is to secure a variant protease having 
altered proteolytic activity as compared to the precursor protease, since increasing such 
activity (numerically larger) enables the use of the enzyme to more efficiently act on a 
target substrate. Also of interest are variant enzymes having altered thermal stability and/or 
altered substrate specificity as compared to the precursor. In some instances, lower 
proteolytic activity may be desirable, for example a decrease in proteolytic activity would 
be useful where the synthetic activity of the proteases is desired (as for synthesizing 
peptides). One may wish to decrease this proteolytic activity, which is capable of 
destroying the product of such synthesis. Conversely, in some instances it may be desirable 
to increase the proteolytic activity of the variant enzyme versus its precursor. Additionally, 
increases or decreases (alteration) of the stability of the variant, whether alkaline or thermal 
stability, may be desirable. Increases or decreases in k^, K„ or K^fK^ are specific to the 
substrate used to determine these kinetic parameters. 

In another aspect of the invention, it has been determined that substitutions at 
positions corresponding to 103 in combination with one or more of the following positions 
1. 3, 4, 8, 9, 10, 12, 13, 16, 17, 18, 19, 20. 21, 22, 24, 27, 33, 37, 38, 42, 43, 48, 55, 57, 58, 
61, 62. 68, 72, 75, 76, 77, 78, 79, 86, 87, 89, 97. 98, 99, 101, 102. 104. 106. 107. 109, 111,' 
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114, 116. 117, 119. 121, 123, 126, 128, 130. 131, 133, 134, 137, 140, 141, 142 146 147 
158, 159. 160, 166, 167, 170, 173. 174, 177, 181, 182, 183, 184. 185. 188. I92' I94' 198^ 
203, 204, 205. 206, 209. 210. 21 1. 212, 213, 214, 215, 216, 217, 218, 222. 224,' 227' 228* 
230, 232, 236, 237, 238, 240, 242, 243, 244, 245, 246, 247, 248. 249, 251 252 253' 254' 
255, 256, 257. 258. 259. 260. 261. 262, 263, 265, 268. 269, 270. 271. 272. 274'and ^75 o'f 
BacllusamyloU^uefaciens subtilisin are in^portant in modulating overall stability and/or 
proteolytic activity of the enzyme. 

In a fbrther aspect of the invention, it has been detemiined that substitutions at one 
or more of the following positions corresponding to positions 62, 212, 230, 232, 252 and 
^Slo^Bacmus amyloliguefaciens subtilisin are also important in modulating overall 
stability and/or proteolytic activity of the enzyme. 

These substitutions are preferably made in Bacillus lentus (recombinant or native- 
type) subfhsin. although the substitutions may be made in any Bacillus protease 

Based on the screening results obtained with the variant proteases, the noted 
mutat-ons in Bacillus amyloliguefaciens subtilisin are important to the proteolytic activity 
performance and/or stability of these enzymes and the cleaning or wash performance of ' 
such variant enzymes. 

Methods and procedures for making the enzymes used in the detergent and cleaning 
ZT^lZlir^^ ^"^'''""'^ ^"^"^ ''"^''^^tion No. 

The enzymes of the present invention have trypsin-Iike specificity. That is the 
enzymes of the present invention hydroiyze proteins by preferentially cleaving the peptide 
bonds of charged amino acid residues, more specifically residues such as arginine and 
iysme. rather than preferentially cleaving the peptide bonds of hydrophobic amino acid 
residues, more specifically phenylalanine, toTtophan and tyrosine. Enzymes having the 
latter profile have a chymotoTsin-Iike specificity. Substrate specificity as discussed above 
.s Illustrated by the action of the enzyme on two synthetic substrates. Protease's having 
tiypsm-hke specificity hydroiyze the synthetic substrate bVGR-pNA preferentially over the 
synthetic substrate sucAAPF-pNA. Chymotrypsin-like protease enzymes, in contrast, 
hydroiyze the latter much faster than the fonner. For the pun,oses of the present invention 
the followmg procedure was employed to define the trypsin-like specificity of the protease 
enzymes of the present invention: 

A fixed amount of a glycine buffer at a pH of 1 0 and a temperature of 25 "C is 
added to a standard 10 ml test tube. 0.5 ppm of the active enzyme to be tested is added to 
the test tube. Approximately. 1 .25 mg of the synthetic substrate per mL of buffer solution 
.s added to the test tube. TT,e mixture is allowed to incubate for 15 minutes at 25 Upon 
completion of the incubation period, an enzyme inhibitor, PMSF, is added to the mixture at 
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a level of 0.5 mg per mL of buffer solution. The absorbency or OD value of the mixture is 
read at a 410 nn, wavelength. The absorbence then indicates the activity of the enzyme on 
the synthetic substrate. The greater the absorbence, the higher the level of activity against 
that substrate. 

To then determine the specificity of an individual enzyme, the absorbence on the 
two synthetic substrate proteins may be converted into a specificity ratio. For the purposes 
of the present invention, the ratio is determined by the formula specificity of: 

[activity on sAAPF-pNA]/[activity on bVGR-pNA] 
An enzyme having a ratio of less than about 10, more preferably less than about 5 and most 
preferably less than about 2.5 may then be considered to demonstrate tiypsin-like activity. 

Such variants generally have at least one property which is different from the same 
property of the protease precursor from which the amino acid sequence of the variant is 
derived. 

One aspect of the invention are compositions, such as detergent and cleaning 
compositions, for the treatment of textiles, dishware, tableware, kitchenware, cookware, 
and other hard surface substrates that include one or more of the variant proteases of the 
present invention. Protease-containing compositions can be used to treat for example: silk 
or wool, as well as other types of fabrics, as described in publications such as RD 2 1 6,034, 
EP 1 34,267, US 4,533,359, and EP 344,259; and dishware, tableware, kitchenware, 
cookware. and other hard surface substrates as described in publications such as in US 
5,478,742, US 5,346,822. US 5,679,630, and US 5,677,272. 

II- Amvl8f?C Variants - The amylase variants used in the present invention include, 
but are not limited to, the amylase enzymes described in WO 95/26397 and in WO 
96/23873 (Novo). These enzymes are incorporated into cleaning compositions at a level of 
from about 0.0001%, preferably from about 0.00018%, more preferably from about 
0.00024%. most preferably from about 0.05% to about 0.1%, preferably to about 0.060%, 
more preferably to about 0.048% by weight of the cleaning compositions of pure enzyme. 

The amylase variants are preferably selected from the group consisting of a- 
amylase variants. 

Suitable a-amylase variants for use in the present invention include, but are not 
limited to the following a-amylases: 

(i) a-amylase characterized by having a specific activity at least 25% 
higher than the specific activity of Termamyl® at a temperature range of 25°C to 55°C and 
at a pH value in the range of 8 to 10, measured by Phadebas® a-amylase activity assay 
and/or; 
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in SEO in N /"^ ^'^ ^^^P"^'"^ ^''^ ^"'"^ ^'^''l -'I— ^hown 

SEQ ID No. 1 or an a-amylase being at least 80«/o homologous witl, the amino acid 
sequence shown in SEQ ID No. 1 and/or; 

in SEO ID N '° ^'^ ^'"■"^ -''^ ^•'own 

SEQ ID No. 2 or an a-amy,ase being at least S0% homologous with the amino acid 
sequence shown in SEQ ID No. 2 and/or; 

(iv) a-amylase according to (i) comprising the following amino acid 

sequence N-termmal:His.His-Asn-Gly-Tl.r-Asn-Gly-Thr-Met-Met-Gln-^^^^^^ 
T3.^u^^^^^^^^^^ 

w.th the ammo ac.d sequence shown (SEQ ID No. 3) in the N-tenninal and/or 

(V) a-amylase according to (i-iv) wherein the a-amylase is obtainable 
from an alkalophilic Bacillus species and/or; obtamable 

(vi) a-amylase according to (v) wherein the amylase is obtainable from any 
of the strams NCIB ,2289, NCIB ,2512, NCB 12513 and DSM 935 and/or; 

(vn) a-amylase showing positive immunological cross-reactivity with 
ant.bod.es raised against an a-amy,ase having an amino acid sequence con-esponding 
respect.ve,y to SEQ ID No. 1, ID No. 2, or ID No. 3 and/or; 

(viii) variant of a parent a-amylase, wherein the parent a-amylase (1 ) has 
one of the am.no acid sequences shown in SEQ ID No. I, ID No. 2, or ID No 4 
respectively, or (2) displays at least S0% homology with one or more of said amino acid 
sequences and/or displays immunological cross-reactivity with an antibody raised against 
an a-amy,ase having one of said amino acid sequences, and/or is encoded by a DNA 

sequencewhichhybridizeswiththesameprobeasaDNAsequenceencodingan a- 
amylase having one of said amino acid sequences, in which variants: (A) at least one 
ammo acid residue of said parent a-amylase has been deleted; and/or (B) at least one 
am .no acd residue of said parent a-amy.ase has been replaced by a different amino acid 
res,due; and/or (C) at least one amino acid residue has been inserted relative to said parent 
a-amylase; said variant having an a-amy,ase activity and exhibiting at least one of the 
followmg properties relative to said parent a-amylase: increased thermostability- 
.ncreased stability towards oxidation; reduced Ca ion dependency; increased stability 
and/or a-amy,olytic activity at neutra, to relatively high pH values; increased a-amylolytic 
act.v,ty at relatively high temperatu.; and increase or decrease of the isoelectric poL (pi) 
so as to better match the p, value for a-amylase variant to the pH of the medium 

A polypeptide is considered to be X'/o homologous to the parent amylase if a 
companson of the respective amino acid sequences, performed via algorithms, such as the 
one descnbed by Lipman and Pearson in Science 227. 1985. p. 1435, reveals an identity of 
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In the context of the present invention, the term "obtainable from" is intended not 
only to indicate an amylase produced by a Bacillus strain but also an amylase encoded by a 
DNA sequence isolated from such a Bacillus strain and produced in a host organism 
transformed with the DNA sequence. 

g rote^s^/Amvhscrombinal iflD - Although any one or more of the protease 
variants described above can be combined with one or more of the amylase variants 
described above, in a highly preferred embodiment of the present invention, the protease 
variant comprises the substitution set: 101/103/104/159/232/236/245/248/252, and more 
highly preferred the substitution set: 101G/103A/104I/232V/236H/245R/248D/252K. 

Although the protease variant and amylase variant can be present in the cleaning 
compositions in any ratio by ppm, a preferred ratio of protease variant(s) to amylase 
variant(s) by ppm in the cleaning compositions of the present invention are in the range of 
from about 1 :20 to about 20: 1 . preferably from about 1 : 1 0 to about 1 0: 1 , more preferably 
from about 1 :3 to about 3:1. 
CLEANING rnMPng|Tin|.Tg 

The cleaning compositions of the present invention also comprise, in addition to 
one or more protease variants described hereinbefore, one or more cleaning adjunct 
materials, preferably compatible with the protease variant(s). The teim "cleaning adjunct 
materials", as used herein, means any liquid, solid or gaseous material selected for the 
particular type of cleaning composition desired and the form of the product (e.g., liquid; 
granule; powder; bar; paste; spray; tablet; gel; foam composition), which materials are also 
preferably compatible with the protease enzyme used in the composition. Granular 
compositions can also be in "compact" form and the liquid compositions can also be in a 
"concentrated" form. 

The specific selection of cleaning adjunct materials are readily made by 
considering the surface, item or fabric to be cleaned, and the desired form of the 
composition for the cleaning conditions during use (e.g., through the wash detergent use). 
The tem "compatible", as used herein, means the cleaning composition materials do not 
reduce the proteolytic activity of the protease enzyme to such an extern that the protease is 
not effective as desired during normal use situations. Examples of suitable cleaning 
adjunct materials include, but are not limited to, surfactants, builders, bleaches, bleach 
activators, bleach catalysts, other enzymes, enzyme stabilizing systems, chelants, optical 
brighteners, soil release polymers, dye transfer agents, dispersants, suds suppressors, dyes, 
perfumes, colorants, filler salts, hydrotropes, photoactivators, fluorescers, fabric 
conditioners, hydrolyzable surfactants, perservatives, anti-oxidants, anti-shrinkage agents, 
anti-wrinkle agents, germicides, fungicides, color speckles, silvercare, anti-tamish and/or' 
anti-corrosion agents, alkalinity sources, solubilizing agents, carriers, processing aids. 
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pigments and pH control agents as described in U.S. Patent Nos. 5,705.464 5 710 115 
5,698,504, 5,695,679, 5,686,014 and 5,646,101. Specific cleaning composition materials 
are exemplified in detail hereinafter. 

If the cleaning adjunct materials are not compatible with the protease variant(s) in 
the cleanmg compositions, then suitable methods of keeping the cleaning adjunct materials 
and the protease variant(s) separate (not in contact with each other) until combination of the 
two components is appropriate can be used. Suitable methods can be any method known in 
the art, such as gelcaps, encapulation. tablets, physical separation, etc. 

Preferably an effective amount of one or more protease variants described above 
are included in compositions useful for cleaning a variety of surfaces in need of 
proteinaceous stain removal. Such cleaning compositions include detergent compositions 
for cleanmg hard surfaces, unlimited in form (e.g., liquid and granular); detergent 
compositions for cleaning fabrics, unlimited in form (e.g.. granular, liquid and bar 
formulations); dishwashing compositions (unlimited in form and including both granular 
and liquid automatic dishwashing); oral cleaning compositions, unlimited in form (e g 
dentifrice, toothpaste and mouthwash formulations); and denture cleaning composition's, 
unlimited in form (e.g., liquid, tablet). 

As used herein, "effective amoum of protease variant" refers to the quantity of 
protease variant described hereinbefore necessary to achieve the enzymatic activity 
necessary in the specific cleaning composition. Such effective amounts are readily 
ascertained by one of ordinary skill in the art and is based on many factors, such as the 
particular variant used, the cleaning application, the specific composition of the cleaning 
composition, and whether a liquid or dry (e.g., granular, bar) composition is required and 
the like. 

Preferably the cleaning compositions comprise from about 0.0001%, preferably 
from about 0.001%, more preferably from about 0.01% by weight of the cleaning 
compositions of one or more protease variants of the present invention, to about 10%, 
preferably to about 1%, more preferably to about 0.1%. Also prefembly the protease' 
variant of the present invention is present in the compositions in an amount sufficient to 
provide a ratio of mg of active protease per 100 grams of composition to ppm theoretical 
Available O2 ("AvOj") from any peroxyacid in the wash liquor, referred to herein as the 
Enzyme to Bleach ratio (E/B ratio), ranging from about 1 : 1 to about 20: 1 . Several 
examples of various cleaning compositions wherein the protease variants of the present 
invention may be employed are discussed in farther detail below. Also, the cleaning 
compositions may include from about 1% to about 99.9% by weight of the composition of 
the cleaning adjunct materials. 
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The cleaning compositions of the present invention may be in the fonii of "fabric 
cleaning compositions" or "non-fabric cleaning compositions." 

As used herein, "fabric cleaning compositions" include hand and machine laundry 
detergent compositions including laundry additive compositions and compositions suitable 
for use in the soaking and/or pretreatment of stained fabrics. 

As used herein, "non-fabric cleaning compositions" include hard surface cleaning 
compositions, dishwashing detergent compositions, oral cleaning compositions, denture 
cleaning compositions and personal cleansing compositions. 

When the cleaning compositions of the present invention are formulated as 
compositions suitable for use in a laundry machine washing method, the compositions of 
the present invention preferably contain both a surfactant and a builder compound and 
additionally one or more cleaning adjunct materials preferably selected from organic 
polymeric compounds, bleaching agents, additional enzymes, suds suppressors, dispersants, 
lime-soap dispersants. soil suspension and anti-redeposition agents and corrosion inhibitors. 
Laundry compositions can also contain softening agents, as additional cleaning adjunct 
materials. 

The compositions of the present invention can also be used as detergent additive 
products in solid or liquid form. Such additive products are intended to supplement or boost 
the performance of conventional detergent compositions and can be added at any stage of 
the cleaning process. 

When formulated as compositions for use in manual dishwashing methods the 
compositions of the invention preferably contain a surfactant and preferably other cleaning 
adjunct materials selected from organic polymeric compounds, suds enhancing agents, 
group II metal ions, solvents, hydrotropes and additional enzymes. 

If needed the density of the laundry detergent compositions herein ranges from 400 
to 1200 g/litre, preferably 500 to 950 g/litre of composition measured at 20X. 

The "compact" form of the cleaning compositions herein is best reflected by 
density and, in terms of composition, by the amount of inorganic filler salt; inorganic filler 
salts are conventional ingredients of detergent compositions in powder form; in 
conventional detergent compositions, the filler salts are present in substantial amounts, 
typically 17-35% by weight of the total composition. In the compact compositions, the 
filler salt is present in amounts not exceeding 15% of the total composition, preferably not 
exceeding 10%, most preferably not exceeding 5% by weight of the composition. The 
inorganic filler salts, such as meant in the present compositions are selected from the alkali 
and alkaline-earth-metal salts of sulfates and chlorides. A preferred filler salt is sodium 
sulfate. 
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Liquid cleaning compositions according to the present invention can also be in a 
"concentrated form", in such case, the liquid cleaning compositions according the present 
invention will contain a lower amount of water, compared to conventional liquid 
detergents. Typically the water content of the concentrated liquid cleaning composition is 
preferably less than 40%, more preferably less than 30%, most preferably less than 20% by 
weight of the cleaning composition. 
Cleaning Adjunct MatPn^fc 

SurfaPtant Systfm - Detersive surfactants included in the fully-formulated cleaning 
compositions afforded by the present invention comprises at least 0.01%, preferably at least 
about 0.10/.. more preferably at least about 0.5%. most preferably at least about 1% to about 
60%, more preferably to about 35%, most preferably to about 30% by weight of cleaning 
composition depending upon the particular surfactants used and the desired effects. 

The detersive surfactant can be nonionic, anionic, amphoiytic, zwitterionic, 
cationic, semi-polar nonionic, and mixtures thereof, nonlimiting examples of which are 
disclosed in U.S. Patem Nos. 5,707,950 and 5,576,282. Preferred detergem and cleaning 
compositions comprise anionic detersive surfactants or mixtures of anionic surfactants with 
other surfactants, especially nonionic surfactants. 

Nonlimiting examples of surfactants useful herein include the conventional Cn- 
Ci8 alkyi benzene sulfonates and primary, secondary and random alkyl sulfates, the C,o- 
Cj8 alkyl alkoxy sulfates, the C,o-C,8 alkyl polyglycosides and their corresponding 
sulfated polyglycosides, Cis-Cjg alpha-sulfonated fatty acid esters, Ci2-C,8 alkyl and 
alkyl phenol alkoxylates (especially ethoxylates and mixed ethoxy/propoxy), Ci2-C]8 
betaines and sulfobetaines ("sultaines"), Cio-Cjg amine oxides, and the like. Other 
conventional useful surfactants are listed in standard texts. 

The surfactant is preferably formulated to be compatible with enzyme components 
present in the composition. In liquid or gel compositions the surfactant is most preferably 
fomiulated such that it promotes, or at least does not degrade, the stability of any enzyme in 
these compositions. 

Nonionic Surfrctants - Polyethylene, polypropylene, and polybutylene oxide 
condensates of alkyl phenols are suitable for use as the nonionic surfactant of the surfactant 
systems of the present invention, with the polyethylene oxide condensates being preferred. 
Commercially available nonionic surfactants of this type include Igepa|TM cO-630, 
marketed by the GAF Corporation; and TritonTM x.45, X-114, X-100 and X-102, all 
marketed by the Rohm & Haas Company. These surfactants are commonly referred to as 
alkylphenol alkoxylates (e.g., alkyl phenol ethoxylates). 

The condensation products of primary and secondary aliphatic alcohols with from 
about 1 to about 25 moles of ethylene oxide are suitable for use as the nonionic surfactant 
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of the nonionic surfactant systems of the present invention. Examples of commercially 

Zutt of"c"T T^"T IT"^' ^"^'"^^ '-'''^'"^ ' (the condensation 
product of C, ,-Ci5 hnear alcohol w.th 9 moles ethylene oxide), TergitolTM 24-L-6 NMW 

(the condensafon product of Cj^-Ch primary alcohol with 6 moles ethylene oxide with a 

NeodolTM 45-9 (the condensat.on product of C,4-C,5 linear alcohol with 9 moles of 
ethylene oxide) Neodol™230(the condensation product ofC,^ 

3 0 moles of ethylene oxide), NeodolTM 45.7 (the condensation product of Ch-C, 5 linear 
alco 01 With 7 moles of ethylene oxide). Neodo.TM 45.5 (the condensation product of C,4- 
C,5 imear alcohol with 5 moles of ethylene oxide) marketed by Shell Chemical Company 
KyroTM HOB (the condensation product of C,3-C,5 alcohol with 9 moles ethylene oxidlj 
marketed by The Procter & Gamble Company, and Genapol LA 030 or 050 (the 
condensafon product of C^^-Ch alcohol with 3 or 5 moles of ethylene oxLe) marketed by 
Hoechst. Preferred range of HLB in these products is from 8-, 1 and most preferred from 8- 

Also useful as the nonionic surfactant of the surfactant systems of the present 
invention are the alkylpolysaccharides disclosed in U.S. Patent No 4 565 647 

Preferred alkylpolyglycosides have the formula: R20(C„H2lo)^gIycosyl), 
wherein r2 selected from the group consisting of alkyl, alkylphenyl, hydroxyalkyl 
hydroxya kylphenyl, and mixtures thereof in which the alky, groups contain from ab:ut 10 
to about , 8. preferably from about 12 to about 14. carbon atoms; n is 2 or 3, preferably 2- 1 
.s from 0 to about 10. preferably 0; and x is from about 1.3 to about 10. preferably from ' 
about 1 .3 to about 3, most preferably from about 1 .3 to about 2.7. 

/^«<^°"d«"s-tion products ofethylene oxide with a hydrophobic base fornied by 
the condensation of propylene oxide with propylene glycol are also suitable for use as the 
add«.onal nonionic surfactant systems of the present invention. Examples of compounds of 
this type include certain of the commercially-available PlurafacTM LP404 p,„,„„j,™ 
surfactants, marketed by BASF. 

Also suitable for use as the nonionic surfactant of the nonionic surfactant system of 
the present .nvention, are the condensation products of ethylene oxide with the product 
resultmg from the reaction of propylene oxide and ethylenediamine. Examples of this type 
of non.on.c surfactant include certain of the commercially available TetronicTM 
compounds, marketed by BASF. 

Preferred for use as the nonionic surfactant of the surfactant systems of the present 
invention are polyethylene oxide condensates of alkyl phenols, condensation products of 
prmiao^ and seconda^^ aliphatic alcohols with from about 1 to about 25 moles of ethylene 
ox.de, alkylpolysaccharides, and mixtu^s thereof Most p^ferred are Cs-C^ ik^phenoi 
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ethoxylates having from 3 to 1 5 ethoxy groups and Cg-C , « alcohol ethoxylates (preferably 
C 1 0 avg.) having from 2 to 1 0 ethoxy groups, and mixtures thereof 

of th« f ZlZ""^ i' "'^''''"'^ Polyhydroxy fatty acid amide surfactants 

ofthefonnula: r2 . C(0) - N(R1) - 2 wherein r1 isH.orRl is €,.4 hydrocarbyl, 2- 
hydroxy ethyl. 2-hydroxy propyl or a mixture thereof, r2 is C5.3 , hydrocarbyl, and Z is a 
polyhydroxyhydrocarbyl having a linear hydrocarbyl chain with at least 3 hydroxyls 
directly connected to the chain, or an alkoxylated derivative thereof Preferably r1 is 
n.ethyl,R2isastraightC„.i5alky.orC,6.,8alkyl or alkenyl chain such as coconut 
alkyl or mixtures thereof, and Z is derived from a reducing sugar such as glucose, fructose 
maltose, lactose, in a reductive amination reaction. 

Anionic Snrfa rf^ n ts - Suitable anionic surfactants to be used are linear alkvl 
benzene sulfonate, alky, ester sulfonate surfactants including linear esters ofT-c'l 
carboxylic acids (i.e., fatty acids) which are sulfonated with gaseous SO3 according to "The 
Journal of the American Oil Chemists Society", 52 (1975), pp. 323-329. Suitable starting 
materials would include natural fatty substances as derived from tallow, palm oil etc 

The preferred alkyl ester sulfonate surfactant, especially for laundry applications 
comprise alkyl ester sulfonate surfactants of the structural formula : 

O 
II 

R3 - CH - C - 0R4 

I 

SO3M 

wherein r3 is a Cg-Cso hydrocarbyl, preferably an alkyl, or combination thereof r4 is a 
C1-C6 hydrocarbyl, preferably an alkyl, or combination thereof, and M is a cation which 
forms a water soluble salt with the alkyl ester sulfonate. Suitable salt-forming cations 
include metals such as sodium, potassium, and lithium, and substituted or unsubstituted 
ammonium cations, such as monoethanolamine, diethanolamine, and triethanolamine. 
Preferably, r3 ,s C,o-C,6 alkyl, and r4 is methyl, ethyl or isopropyl. Especially prefeired 
are the methyl ester sulfonates wherein r3 is Ciq-Cj^ alkyl. 

w«t.r surfactants include the alkyl sulfate surfactants which are 

water soluble salts or acids of the formula ROSO3M wherein R preferably is a C,o-C24 
hydrocarbyl, preferably an alkyl or hydroxyalkyl having a C10-C20 alkyl component, more 
preferably a C^-Ci^ alkyl or hydroxyalkyl, and M is H or a cation. Typically, alkyl 
chams of C12-C16 are preferred for lower wash temperatures (e.g. below about 50°C) and 
C 16-1 8 alkyl chains are preferred for higher wash temperatures (e.g. above about 50°C). 

Other anionic surfactants useful for detersive puiposes include salts of soap Cg- 
C22 primary of seconda^^ alkanesulfonates, C8-C24 olefmsulfonates. sulfonated 
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polycarboxylic acids prepared by sulfonation of the pyrolyzed product of alkaline earth 
metal citrates, e.g., as described in British patent specification No. 1,082,179, C8-C24 
alkylpolyglycolethersulfates (containing up to 10 moles of ethylene oxide); alkyl glycerol 
sulfonates, fatty acyl glycerol sulfonates, fatty oleyl glycerol sulfates, alkyl phenol ethylene 
oxide ether sulfates, paraffm sulfonates, alkyl phosphates, isethionates such as the acyl 
isethionates, N-acyl taurates, alkyl succinamates and sulfosuccinates, monoesters of 
sulfosuccinates (especially saturated and unsaturated Cis-Cjg monoesters) and diesters of 
sulfosuccinates (especially saturated and unsaturated Cg-Cis diesters), acyl sarcosinates, 
sulfates of alkylpolysaccharides such as the sulfates of alkylpolyglucoside (the nonionic 
nonsulfated compounds being described below), branched primary alkyl sulfates, and alkyl 
polyethoxy carboxylates such as those of the formula RO(CH2CH20)k-CH2COO-M+ 
wherein R is a C8-C22 alkyl, k is an integer from 1 to 10, and M is a soluble salt-forming 
cation. Resin acids and hydrogenated resin acids are also suitable, such as rosin, 
hydrogenated rosin, and resin acids and hydrogenated resin acids present in or derived from 
tall oil. 

Further examples are described in "Surface Active Agents and Detergents" (Vol. I 
and II by Schwartz, Peiry and Berch). A variety of such surfactants are also generally 
disclosed in U.S. Patent 3,929,678, issued December 30, 1975 to Laughlin, et al. at Column 
23, line 58 through Column 29, line 23 (herein incorporated by reference). 

Highly preferred anionic surfactants include alkyl alkoxylated sulfate surfactants 
hereof are water soluble salts or acids of the formula R0(A)mS03M wherein R is an 
unsubstituted C]o-C24 alkyl or hydroxyalkyl group having a C10-C24 alkyl component, 
preferably a C]2-C2o alkyl or hydroxyalkyl, more preferably C12-C18 alkyl or 
hydroxyalkyl, A is an ethoxy or propoxy unit, m is greater than zero, typically between 
about 0.5 and about 6, more preferably between about 0.5 and about 3, and M is H or a 
cation which can be, for example, a metal cation (e.g., sodium, potassium, lithium, calcium, 
magnesium, etc.), ammonium or substituted-ammonium cation. Alkyl ethoxylated sulfates 
as well as alkyl propoxylated sulfates are contemplated herein. Specific examples of 
substituted ammonium cations include methyl-, dimethyl, trimethyl-ammonium cations and 
quaternary ammonium cations such as tetramethyl-ammonium and dimethyl piperdinium 
cations and those derived from alkylamines such as ethylamine, diethylamine, 
triethylamine, mixtures thereof, and the like. Exemplary surfactants are C12-C1 g alkyl 
polyethoxylate (1.0) sulfate (Ci2-Cj8E(1.0)M), C12-C18 alkyl polyethoxylate (2.25) 
sulfate (Ci2-Ci8E(2.25)M), C12-C18 alkyl polyethoxylate (3.0) sulfate (C12- 
Ci8E(3.0)M), and Ci2-C]8 alkyl polyethoxylate (4.0) sulfate (Ci2-Ci8E(4.0)M), wherein 
M is conveniently selected from sodium and potassium. 
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When included therein, the cleaning compositions of the present invention typically 
con,p„se fro. about 1 V., preferably fro. about 30/. to about Wo, preferably Z^^y 
weight of such anionic surfactants. ^ 

at i gnic,S||rfr .i nti - Cationic detersive sutfactants suitable for use in the cleanin. 
co^postuons Of the present invention a. those havin, one iong-chain hydr ^i Z 
Espies of such cationic surfactants include the an„„„niu. surfactants such a 

[R (OR ),JtR (OR3,ybR5N,x. «*ereinR2i,.„,„„„„k^,^„^^^ ^ 

from about 8 to about 18 carbon atoms in the alltyl chain each R3i, , 

group consisting of -CH.CH,-. -CH,CH(CH3> 'ct;CH<^^^^^^^^^ , 

fixtures diereof; each R. is selected fro. the group consisting of ic^Xl c "' 
hyd.x.aM, ben^l ring structures fonned b. Joining the Jr4 

CHO„COR.C„0„C„,OH„herei„R.isa„.he.oseorhe,osep:je;hav™" 
molecular weight less than about 1 000. and hydrogen when y is not 0. r5 is the same as r4 

rrris'rr;:::^^^ 

P "■'P"^" composition having the fonnula (i): R,R,r,r,n+x- 

wherein R, is Cg-C„ alky,. each of R,. R3 and R, is independently C -c' a M cf C 
hydtoxy alkyl. benzyl and -(C^H^oJ^H where x has a value f^m 2^ 5 and a^ ' 
NotmorethanoneofR, R3 orR, Should be benzyl, ^eprefetreda,:;:^^^ 
Rl ■^^■2-C.5P»r.icularlywhe,.,hea,Mgroupisan,ixture„fchai„l.ngthsderivti 

^ ^^^^ ">«l>yl and hydroxyethyl groups 

and the anion X may be selected f,„m halide. m«hosulfate, acetate and phosphate ions 

d.med,y, hydtoxyeUtyl ammonium chloride or bromide; coconut dimethyl hydroxyethyl' 

chlonde or brom.de; chohne esters (compounds of fonnula (i) wherein R, is 
CH2-CH2-0-C-Ci2.,4 alkyl and R2R3R4 are methyl); and di-alkyl imidazolines [(i)]. 
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Other cationic surfactants useful herein are also described in U.S. Patent 4 228 044 
Cambre, issued October 14, 1980 and in European Patent Application EP 000,224. 

When included therein, the cleaning compositions of the present invention typically 
compnse from about 0.2»/o, preferably from about 1% to about 25%, preferably to about 8% 
by weight of such cationic surfactants. 

Ampholvtic SnrfartmT ft - Ampholytic surfactants, examples of which are described 
in U.S. Patent No. 3,929,678, are also suitable for use in the cleaning compositions of the 
present invention. 

When included therein, the cleaning compositions of the present invention typically 
comprise from about 0.2%, preferably from about 1% to about 15%. prefei^bly to about 
1 0% by weight of such ampholytic surfactants. 

Zw i tteripni<; S^irfartfintfi - Zwitterionic surfactants, examples of which are 
described in U.S. Patent No. 3,929,678, are also suitable for use in cleaning compositions. 

When included therein, the cleaning compositions of the present invention typically 
comprise from about 0.2%, preferably from about 1 % to about 1 5%, preferably to about 
1 0% by weight of such zwitterionic surfactants. 

Sgmi-polarNon i pnic ^^^rfmm ' ^ - Semi-polar nonionic surfactants are a special 
category of nonionic surfactants which include water-soluble amine oxides having the 
formula: 

O 

R3(OR4xN(R5), 

wherein r3 is an alkyl, hydroxyalkyl. or alkyl phenyl group or mixtures thereof containing 
from about 8 to about 22 carbon atoms; r4 is an alkylene or hydroxyalkylene group 
containing from about 2 to about 3 carbon atoms or mixtures thereof; x is from 0 to about 3- 
and each r5 is an alkyl or hydroxyalkyl group containing from about 1 to about 3 carbon 
atoms or a polyethylene oxide group containing from about 1 to about 3 ethylene oxide 
groups (the r5 groups can be attached to each other, e.g.. through an oxygen or nitrogen 
atom, to form a ring structure); water-soluble phosphine oxides containing one alkyl moiety 
of from about 10 to about 18 carbon atoms and 2 moieties selected from the group 
consisting of alkyl groups and hydroxyalkyl groups containing from about 1 to about 3 
carbon atoms; and water-soluble sulfoxides containing one alkyl moiety of from about 10 
to about 1 8 carbon atoms and a moiety selected from the group consisting of alkyl and 
hydroxyalkyl moieties of from about 1 to about 3 carbon atoms. 

The amine oxide surfactants in particular include Cjo-Cig alkyl dimethyl amine 
oxides and Cg-Cjj alkoxy ethyl dihydroxy ethyl amine oxides. 
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When included therein, the cleaning compositions of the present invention 

about lOo/o by weight of such semi-polar nonionic surfactants. 

CiiSlirftollS - The cleaning compositions of the present invention may further 
comprise a cosurfactant selected from the group of primary or tertiao' amines Suitable 
pr n. or use herein include amines according to the fon.1 R.NH^ rein 

.s a C6-CJ2 preferably Cg-Cjo allcyl chain or R^XfCH^)^, X is -0.,-C(0)NH- or -NH- 
R4 .s a Ce-Cn alkyl chain n is between 1 to 5, preferably 3. R, alkyl chains may be ' 

straight or branched and may be intemapted with up to 12. prefe.bly less than 5 ethylene 
oxide moieties. ^"lyicnc 

Su,«ble a«,„es for b^ein ™.y b. »,ec,ed fro™ ,-hexyl»,i„e. I-„c,ylami„e ,. 
decylam,„e and lauo^lamine. Od,er prefe^d primary amines include C8-C10 ' 
oxypropylamine, ocWoxypropylamine. 2-e*ylhexyl-oxypropyl.„i„e, lau,y, amido 
propylamine and amido propylamine. H,e mos, preferred amines for use in ,he 
compositions herein are Lhexylamine, l^etylamine, l-deeylami„=. ,-dod.cylami.e 
Espec,a ly desirable a. n.dodecyldimed,ylami„e and bishydroxyettylcoco„u«lM.mi„e 
and oleylamme 7 toes eU,oxyl.ttd, lauryl amido propyl»„i„e and cocoamido 
propylamine. 

LENIs - Particularly prefen^d surfactants in the automatic dishwashine 
compositions (ADD, of the present invention are low foaming nonionic surfactants (LFN.) 
whtch a. described in aS. Paten, Nos. 5,705,464 and 5,7.0,1 15. LFN, may be prient in 
amounts from 0.0.% ,o about 10% by weight, pt^fe^bly f„m about 0.1% ,o about 10% 
and most prefetably from about 0.25% to about 4%. LFNls are most typicaily used in ' 
ADDS on account of the improved water-sheeting action (especially ftom glass) which they 
confertoftcADDptoduct They also encompass non-silicone, nonphosphate polymeric 
materials Smher iliustntted h«.i„after which ate known to defoam food soils encounte^d 
m automatic dishwashing. 

Prefened LFNIs include nonionic alkoxylated surfactants, especially ethoxylates 
denved from primary alcohols, and blends the^of with more sophisticated surfactants, such 
as the Polyoxypropylene/polyoxyethylene/polyoxypropylene (PO/EO/PO) reverse block 
polymers as described in U.S. Patent Nos. 5,705,464 and 5,710,115. 

LFNIs which may also be used include those POLY-TERGENT® SLF-] 8 nonionic 
surfactants from Olin Corp., and any biodegradable LFNI having the melting point 
properties discussed hereinabove. 
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TTiese and other nonionic surfactants are well known in the art, being described in 

more detail ,n Kirk Othmer's Encyclopedia ofChemical Technology, 3rd Ed Vol 22 pp 
360-379, "Surfactants and Detersive Systems", incoiporated by reference herein. 
Bleaching $ys\m - The cleaning compositions of the present invention preferably 
comprise a bleaching system. Bleaching systems typically comprise a "bleaching agent" 
(source of hydrogen peroxide) and an "initiator" or "catalyst". When present, bleaching 
agents w.ll typically be at levels of from about 1%, prefei^bly from about 5% to about 
30«/o. preferably to about 20% by weight of the composition. If present, the amount of 
bleach activator will typically be from about 0.1%, preferably from about 0.5% to about 
60%, preferably to about 40% by weight, of the bleaching composition comprising the 
bleachmg agent-plus-bleach activator. 

Pleachinp Aems - Hydrogen peroxide sources are described in detail in the herein 
incorporated Kirk Othmer's Encyclopedia ofChemical Technology, 4th Ed (1992 John 
Wiley & Sons), Vol. 4, pp. 271-300 "Bleaching Agents (Survey)", and include thi various 
forms of sodium perborate and sodium percarbonate, including various coated and modified 
forms. 

The preferred source of hydrogen peroxide used herein can be any convenient 
source, including hydrogen peroxide itself For example, perborate, e.g., sodium perborate 
(any hydrate but preferably the mono- or tetra-hydrate), sodium carbonate peroxyhydrate or 
equivalent percarbonate salts, sodium pyrophosphate peroxyhydrate, urea peroxyhydrate or 
sodium peroxide can be used herein. Also useful are sources of available oxygen such as 
persulfate bleach (e.g., OXONE, manufactured by DuPont). Sodium perborate 
monohydrate and sodium percarbonate are particularly preferred. Mixtures of any 
convenient hydrogen peroxide sources can also be used. 

A preferred percarbonate bleach comprises dry particles having an average particle 
size in the range from about 500 micrometers to about 1,000 micrometers, not more than 
about 10% by weight of said particles being smaller than about 200 micrometers and not 
more than about 1 0% by weight of said particles being larger than about 1,250 
micrometers. Optionally, the percarbonate can be coated with a silicate, borate or water- 
soluble surfactants. Percarbonate is available from various commercial sources such as 
FMC, Solvay and Tokai Denka. 

Compositions of the present invention may also comprise as the bleaching agent a 
chlorine-type bleaching material. Such agents are well known in the art, and include for 
example sodium dichloroisocyanurate ("NaDCC"). However, chlorine-type bleaches are 
less preferred for compositions which comprise enzymes. 

(a) Blear-h Artiv a tors - Preferably, the peroxygen bleach component in the 
composition is fomulated with an activator (peracid precursor). The activator is present at 
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levels of from about O.Olo/o, preferably from about O.50/0, more preferably from about W. to 
about 150/0, preferably to about \0%, more preferably to about 8%. by weight of the 
composition. Preferred activators are selected from the group consisting of tetraacetyl 
ethylene diamine (TAED), benzoylcaprolactam (BzCL), 4-nitrobenzoylcaprolactam 3- 
chlorobenzoylcaprolactam, benzoyloxybenzenesulphonate (BOBS), nonanoyloxybenzene 
sulphonate (NOBS), phenyl benzoate (PhBz), decanoyloxybenzenesulphon^C^^^^^^^^^^^^^ 
benzoylvalerolactam (BZVL), octanoyloxybenzenesulphonate (C^-OBS), perhydrolyzable' 
esters and mixtures thereof, most preferably benzoylcaprolactam and benzoylvalerolactam 
Particularly prefe^ed bleach activators in the pH range from about 8 to about 9.5 are those' 
selected having an OBS or VL leaving group. 

Preferred hydrophobic bleach activators include, but are not limited to 
nonanoyloxybenzenesulphonate (NOBS), 4-[N-(nonaoyl) amino hexanoyloxyj-benzene 

Tsi^Z^fT f'^^^-^^^) - -^-P'- °f -''-h is described in U.S. Patent No 
5,523,434, dodecanoyloxybenzenesulphonate (LOBS or C ] 2-OBS), 1 0- 

undecenoyloxybenzenesulfonate (UDOBS or C, j-OBS with unsaturation in the 10 
position), and decanoyloxybenzoic acid (DOBA). 

Preferred bleach activators are those described in U.S. 5,698,504 Christie et al 
issued December 16, 1997; U.S. 5,695,679 Christie et al. issued December 9 1997- U S 
5,686,401 Willeyetal., issued November 11. 1997; U.S. 5,686,014 Hartshorn et al' issued 
November 11. 1997; U.S. 5,405,412 Willey et al., issued April 1 1, 1995; U S 5 405 413 
W.lley et al., issued April 11, 1995; U.S. 5,130,045 Mitchel et al., issued July 14 1992- and 
U.S. 4 412,934 Chung et al., issued November 1, 1983, and copending patent applications 
U. S. Serial Nos. 08/709,072, 08/064,564, all of which are incon^orated herein by reference 

The mole ratio of peroxygen bleaching compound (as AvO) to bleach activator in 
the present invention generally ranges from at least 1:1, preferably from about 201 more 
preferably from about 1 0: 1 to about 1:1, preferably to about 3:1. 

Quaternary substituted bleach activators may also be included. The present 
cleaning compositions preferably comprise a quaternary substituted bleach activator 
(QSBA) or a quaternary substituted peracid (QSP); more preferably, the fonner. Preferred 
QSBA structures are further described in U.S. 5,686,015 Willey et al., issued November 1 1 
1997; U.S. 5,654,421 Taylor et al., issued August 5, 1997; U.S. 5,460,747 Gosselink et al ' 
issued October 24, 1995; U.S. 5,584,888 Miracle et al., issued December 17, 1996; and ' 
U.S. 5,578,136 Taylor et al., issued November 26, 1996; all of which are incorporated 
herein by reference. 

Highly preferred bleach activators usefiil herein are amide-substituted as described 
.n U.S. 5,698,504, U.S. 5,695,679, and U.S. 5,686,014 each of which are cited herein 
above. Preferred examples of such bleach activators include: (6-octanamidocaproyl) 
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oxybenzenesulfonate, (6-nonananiidocaproyl)oxybenzenesulfonate, 
(6-decanamidocaproyl)oxybenzenesulfonate and mixtures thereof. 

Other useful activators, disclosed in U.S. 5,698,504, U.S. 5,695,679, U.S. 
5,686,014 each of which is cited herein above and U.S. 4,966,723Hodge et'al., issued 
October 30, 1990, include benzoxazin-type activators, such as a CeH, ring to which is 
fused in the 1 ,2-positions a moiety -C(0)OC(r1)=N-. 

Depending on the activator and precise application, good bleaching results can be 
obtained from bleaching systems having with in-use pH of from about 6 to about 13, 
preferably from about 9.0 to about 10.5. Typically, for example, activators with electron- 
withdrawing moieties are used for near-neutral or sub-neutral pH ranges. Alkalis and 
buffering agents can be used to secure such pH. 

Acyl lactam activators, as described in U.S. 5,698,504, U.S. 5,695,679 and U.S. 
5,686,014, each of which is cited herein above, are very useful herein, especially the acyl 
caprolactams (see for example WO 94-28102 A) and acyl valerolactams (see U.S. 
5,503,639 Willey et al., issued April 2, 1996 incorporated herein by reference). 

(b) Organig Peroxides esnpciailv niaryl p ^^ri-^?- - These are extensively 
illustrated in Kirk Othmer, Encyclopedia of Chemical Technology, Vol. 1 7, John Wiley and 
Sons, 1982 at pages 27-90 and especially at pages 63-72, all incorporated herein by 
reference. If a diacyl peroxide is used, it will preferably be one which exerts minimal 
adverse impact on spotting/filming. 

(c) Metsl-COntaining Pleach Catalysts - The present invention compositions and 
methods may utilize metal-containing bleach catalysts that are effective for use in 
bleaching compositions. Preferred are manganese and cobalt-containing bleach catalysts. 

One type of metal-containing bleach catalyst is a catalyst system comprising a 
transition metal cation of defined bleach catalytic activity, such as copper, iron, titanium, 
ruthenium tungsten, molybdenum, or manganese cations, an auxiliary metal cation having 
little or no bleach catalytic activity, such as zinc or aluminum cations, and a sequestrate 
having defined stability constants for the catalytic and auxiliary metal cations, particularly 
ethylenediaminetetraacetic acid, ethylenediaminetetra (methylenephosphonic acid) and 
water-soluble salts thereof Such catalysts are disclosed in U.S. 4,430,243 Bragg, issued 
February 2, 1982. 

Manganesg Metal Complfxes - If desired, the compositions herein can be catalyzed 
by means of a manganese compound. Such compounds and levels of use are well known in 
the art and include, for example, the manganese-based catalysts disclosed in U.S. Patent 
Nos. 5,576,282; 5,246,621; 5,244,594; 5,194,416; and 5,1 14,606; and European Pat. App. 
Pub. Nos. 549,271 Al, 549,272 Al, 544.440 A2. and 544,490 Al; Preferred examples of 
these catalysts include MnIV2(u-0)3(l,4,7-trimethyl-l,4,7-triazacyclononane)2(PF6)2, 
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Mnin2(u-0)](u-OAc)2(l,4,7-triinethyl-l,4.7-tria2acycIononane)2(C104)2,MnIV4(u. 
0)6(l,4,7-triazacyclononane)4(C104)4,MnIIlMnIV4(u-0)i(u-OAc)2.(l,4,7-trimethyl. 

1.4,7-triazacyclononane)2(C104)3.MnIV(i,4,7.tri„,ethyI.l,4,7-triazacycIononane>- 
(OCH3)3(PF6), and mixtures thereof. Other metal-based bleach catalysts include those 

disclosed in U.S. Patent Nos. 4,430,243 and U.S. 5,1 14,61 1 . The use of manganese with 
various complex ligands to enhance bleaching is also reported in the following: U S Patent 
Nos. 4,728,455; 5,284,944; 5,246,612; 5,256.779; 5,280,1 17; 5,274,147; 5,153,]61- and 
5,227,084. 

Cobalt MgtalComplrxrs - Cobalt bleach catalysts useful herein are known and are 
described, for example, in U.S. Patent Nos. 5,597,936; 5,595,967; and 5,703,030; and M L 
Tobe, "Base Hydrolysis of Transition-Metal Complexes", Adv. Innr p t.;.;^^,^ M""h 
(1 983), 2, pages 1 -94. The most preferred cobah catalyst useful herein are cobalt 
pentaamme acetate salts having the formula [Co{NH3)50Ac] Ty, wherein "OAc" 
represents an acetate moiety and "Ty" is an anion, and especially cobalt pentaamine acetate 
chloride, [Co(NH3)50Ac]Cl2; as well as [Co(NH3)50Ac](OAc)2; 
[Co(NH3)50Ac](PF6)2; [Co(NH3)50Ac](S04); [Co(NH3)50Ac]'(BF4)2; and 
[Co(NH3)50Ac](N03)2 (herein "PAC"). 

These cobalt catalysts are readily prepared by known procedures, such as taught for 
example in U.S. Patent Nos. 5,597,936; 5,595,967; and 5,703.030; in the Tobe article and 
the references cited therein; and in U.S. Patent 4,8 1 0,4 1 0; J. Chem F.H ( 1 989), M ( 1 2), 
1 043-45; The Synthesis and Characterization of Inorganic Compounds, W.L. Jolly 
(Prentice-Hall; 1970), pp. 461-3; Inprg. Chgm.m 1497-1502 (1979): Inorp. Chem :>] 
2881-2885 (1982); ?norg . Chem. .I£, 2023-2025 (1979); Inorg. Synthesis, 173-176 (1960); 
and Journal of Physical rht-mfciry 22-25 (1952). 

Transition Metal Cpmple?{ff? of Macronolvrvrlic Rip irt t ip.nH^ . Compositions 
herein may also suitably include as bleach catalyst a transition metal complex of a 
macropolycyclic rigid ligand. The phrase "macropolycyclic rigid ligand" is sometimes 
abbreviated as "MRL" in discussion below. The amount used is a catalytically effective 
amount, suitably about 1 ppb or more, for example up to about 99.9%, more typically about 
0.001 ppm or more, preferably from about 0.05 ppm to about 500 ppm (wherein "ppb" 
denotes parts per billion by weight and "ppm" denotes parts per million by weight). 

Suitable transition metals e.g., Mn are illustrated hereinafter. "Macropolycyclic" 
means a MRL is both a macrocycle and is polycyclic. "Polycyclic" means at least bicyclic. 
The term "rigid" as used herein herein includes "having a superstructure" and "cross- 
bridged". "Rigid" has been defined as the constrained converse of flexibility: see D.H. 
Busch.. ChcmigalRcvifWS , (1993), 22, 847-860. incorporated by reference. More 
particularly, "rigid" as used herein means that the MRL must be determinably more rigid 
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than a macrocycle ("parent macrocycle") which is otherwise identical (having the same ring 
size and type and number of atoms in the main ring) but lacking a superstructure (especially 
hnkmg moieties or, preferably cross-bridging moieties) found in the MRL's. In 
determining the comparative rigidity of macrocycles with and without superstructures, the 
practitioner will use the free fonn (not the metal-bound form) of the macrocycles. Rigidity 
is well-known to be useful in comparing macrocycles; suitable tools for determining, 
measuring or comparing rigidity include computational methods (see, for example, 
Zimmer, Chcmipal Reviews , (1995), 95(38), 2629-2648 or Hancock et al., Inflrgamsa 
Chimica Acta ( 1 989), 1 64, 73-84. 

Preferred MRL's herein are a special type of ultra-rigid ligand which is cross- 
bridged. A "cross-bridge" is nonlimitingly illustrated in 1.1] hereinbelow. In 1.11, the 
cross-bridge is a -<:H2CH2- moiety. It bridges N ^ and N« in the illustrative structure. By 
comparison, a "same-side" bridge, for example if one were to be introduced across and 
N in 1 . 1 1 , would not be sufficient to constitute a "cross- bridge" and accordingly would 
not be preferred. 

Suitable metals in the rigid ligand complexes include Mn(Il), Mn(III), Mn(IV), 
Mn(V), Fe(II), Fe(III), Fe(IV), Co(I), Co(II), Co(IIl), Ni(I), Ni(II), Ni(III), Cu'(I), Cu(II) 
Cu(III), Cr(II), Crdll), Cr(IV), Cr(V), Cr(Vl), V(III), V(IV), V(V), Mo(IV) Mo(V) 
Mo(VI). W(IV), W(V), W(VI), Pd(II), RudI), Ru(lII), and Ru(IV). Preferred transition- 
metals in the instant transition-metal bleach catalyst include manganese, iron and 
chromium. 

More generally, the MRL's (and the corresponding transition-metal catalysts) 
herein suitably comprise: 

(a) at least one macrocycle main ring comprising four or more heteroatoms; and 

(b) a covalently connected non-metal superstructure capable of increasing the rigidity of the 
macrocycle, preferably selected from 

(i) a bridging superstructure, such as a linking moiety; 

(ii) a cross-bridging superstructure, such as a cross-bridging linking moiety; and 

(iii) combinations thereof. 

The term "superstructure" is used herein as defined in the literature by Busch et al., 
see, for example, articles by Busch in "Chemical Reviews". 

Preferred superstructures herein not only enhance the rigidity of the parent 
macrocycle, but also favor folding of the macrocycle so that it co-ordinates to a metal in a 
cleft. Suitable superstructures can be remarkably simple, for example a linking moiety 
such as any of those illustrated in Fig. I and Fig. 2 below, can be used 

(CH,)n 
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Fig. 1 

wherein n is an integer, for exan^ple from 2 to 8, preferably less than 6, typically 2 to 4. or 

T 

(CH2)ni-}— .l4U(CH2)n 




Fig. 2 

wherein n. and n are integers fron, about 1 to 8, more preferably from 1 to 3; Z is N or CR- 
and T .s a compatible substituent, for example H, alkyl, trialkylammonium, halogen nitro ' 
sulfonate,orthelike.Thearomaticringin M 0 can be replaced by a saturated ring m 
which the atom in Z connecting into the ring can contain N, O, S or C 

Suitable MRL's are further nonlimitingly illustrated by the following compound- 




1^ 

10 



Fig. 3 

^'^'^ with the invention which is a highly preferred, cross- 

bndged, methyl-substituted (all nitrogen atoms tertiary) derivative of cyclam. Formally 
th.s hgand is named 5,12-dimethyl.l,5.8.I2-tetraazabicyclo[6.6.2]hexadecane using the' 
extended von Baeyer system. See "A Guide to lUPAC Nomenclature of Organic 
Compounds: Recommendations 1993", R. Panico, W.H. Powell and J-C Richer (Eds ) 
Blackwell Scientific Publications. Boston, 1 993; see especially section R-2 4 2 1 " ' 

Transition-metal bleach catalysts of Macrocyclic Rigid Ligands which are suitable 
for use m the invention compositions can in general include known compounds where they 
conform with the definition herein, as well as, more preferably, any of a large number of 
novel compounds expressly designed for the present laund^^ or cleaning uses, and non- 
limitmgly illustrated by any of the following: 

Dichloro-5,12-dimethyl-l,5.8.12-tetraazabicyclo[6.6.2]hexadecaneManganese(II) 

D.aquo-5,12.dimethyl-l,5,8,12-tetraazabicyclo[6.6.2]hexadecaneManganese(II) 
Hexafluorophosphate 

Aquo.hydroxy-5.12-dimethyM,5,8,12-tetraazabicycio[6.6.2]hexadecaneManganese(III) 
Hexafluorophosphate 
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Diaquo-5.12-din,ethy]-1.5,8.12-tetraazabicyclo[6.6.2]hexadecaneManganese(II) 
Tetrafluoroborate 

Dichloro-5,12-dimethyl-I,5.8,12-tetraa2abicyclo[6.6.23hexadecaneManganese(III) 
Hexafluorophosphate 

Dichloro-5.I2-di-n-butyl.l,5,8.12-tetraazabicyclo[6.6.2]hexadecaneManganese(II) 
D,chloro-5,12-dibe„zyM,5,8.12-tetraa2abicyclo[6.6.2]hexadecaneManganese(II) 
D,chloro-5-„-butyl-12-niethyl.l,5,8.12-tetraaza-bicyclo[6.6.2]hexadecaneManganese(II) 
D,chloro-5-n-octyl-12-methyl-l,5,8,12-tetraaza-bicyclo[6.6.2]hexadecaneManganese(II) 
Dich]oro-5-n-butyI-12-methyl-l,5,8J2-tetraaza-bicyclo[6.6.2]hexadecaneManganese(II) 
As a practical matter, and not by ^vay of limitation, the compositions and cleaning 
processes herein can be adjusted to provide on the order of at least one part per hundred 
m.lhon of the active bleach catalyst species in the aqueous washing medium, and will 
preferably provide from about 0.01 ppm to about 25 ppm, more preferably from about 0 05 
ppm to about 10 ppm, and most preferably from about 0.1 ppm to about 5 ppm, of the 
bleach catalyst species in the wash liquor. In order to obtain such levels in the wash liquor 
of an automatic washing process, typical compositions herein will comprise from about 
0.0005% to about 0.2%, more preferably from about 0.004% to about 0.08%, of bleach 
catalyst, especially manganese or cobalt catalysts, by weight of the bleaching compositions 

(d) Other BlfarhPntflly ^tc . The compositions herein may comprise one or more 
other bleach catalysts. Preferred bleach catalysts are zwitterionic bleach catalysts which 
are described in U.S. Patent No. 5,576,282 (especially 3-(3,4-dihydroisoquinolinium) 
propane sulfonate. Other bleach catalysts include cationic bleach catalysts are described in 
U.S. Patent Nos. 5,360,569, 5,442,066, 5,478,357, 5,370,826, 5,482,515, 5,550,256, and 
WO 95/13351, WO 95/13352, and WO 95/13353. 

Also suitable as bleaching agents are preformed peracids, such as phthalimido- 
peroxy-caproic acid ("PAP"). See for example U.S. Patent Nos. 5,487,8 1 8, 5,3 1 0 934 
5,246,620, 5,279.757 and 5,132,431. 

Optional PcTmiveFn-o^m ee - The detergent and cleaning compositions herein may also 
optionally contain one or more types of detergent enzymes. Such enzymes can include 
other proteases, amylases, cellulases and lipases. Such materials are known in the art and 
are commercially available under such trademarks as . They may be incorporated into the 
non-aqueous liquid detergent compositions herein in the form of suspensions, "marumes" or 
"pnlls". Another suitable type of enzyme comprises those in the form of slurries of 
enzymes in nonionic surfactants, e.g., the enzymes marketed by Novo Nordisk under the 
tradename "SL" or the microencapsulated enzymes marketed by Novo Nordisk under the 
tradename "LDP." Suitable enzymes and levels of use are described in U.S. Pat No 
5,576,282, 5,705,464 and 5,710,1 15. 
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Enzymes added to the compositions herein in the fonn of conventional enzvme 
pralls are especially preferred for use herein Such nr i. n n ^ 

about 100 to 1 000 mi. . ^ ^""""^"y froni 

H)0 to 1,000 microns, more preferably from about 200 to 800 microns and will be 

— :r::r;::r:::— ^^^^ 

incorporated i„,oa,„eo„,„,„i<„„,^„^ ' " "-i when en^„., 

n,y,a«. and ..^ses. Preferred en.y.es for ,a„nd^ purpo.es inCude. bu, a. noH Id 
o prol^es, ceUulases, lipases and peroxidases. Highly prelirred for a„.oma,i 
tT^"' - myiases and/or proteases, including ho.h curren. eo^nrercir ; available 
.ypcs a™, ,„,pr„ved ^ which, flrough and .ore bleach conrparible .hour 

5.710.1 15, 5.576.282. 5.728.671 and 5,707.<I50 .'"5,464, 

The cellulases useful in Uie present invention include bod, bacterial or 
cellulases. Ptefet^bly, they „il, have a pH optimum of betv^een 5 an^n d ' 
^iv^a^ve50CBVU/.g,Cel,u,os.Viscosit.Unit>.SuiJ:u^^^^^^^^ 
U.a Paten, 4.435307, ;6,078384 and WO96/02653 which discloses ftmgal cellle 

EP 739 982 describes cellulases isolated fix,™ novel Bacillus species Sui,»hl „ , 
- also disclosed i„ GB-A-2.075.028; GB.A-2.095 275- dI^ 4, " 7 
W095/26398. "t-OS.2.247.S32 and 

B^ples of such cellulases are cellulases prtxluced by a strain „f H • , 
.solens O^u^icol. grisea var. thennoidea,, panicularly the Hu™ic:,a s^ OsL l^ 
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Other suitable cellulases are cellulases originated from Humicola insolens having a 
molecular weight of about SOKDa, an isoelectric point of 5.5 and containing 415 amino 
acids; and a -43kD endoglucanase derived from Humicola insolens, DSM 1800, exhibiting 
cellulase activity; a preferred endoglucanase component has the amino acid sequence 
disclosed in WO 91/17243. Also suitable cellulases are the EGIII cellulases from 
Trichoderma longibrachiatum described in WO94/21801 to Genencor. Especially suitable 
cellulases are the cellulases having color care benefits. Examples of such cellulases are 
cellulases described in European patent application No. 91202879.2, filed November 6, 
1991 (Novo). Carezyme and Celluzyme (Novo Nordisk A/S) are especially useful. See also 
W091/17244 and WO91/21801. Other suitable cellulases for fabric care and/or cleaning 
properties are described in WO96/34092, W096/17994 and W095/24471. 

Cellulases, when present, are normally incorporated in the cleaning composition at 
levels from 0.0001% to 2% of pure enzyme by weight of the cleaning composition. 

Peroxidase enzymes are used in combination with oxygen sources, e.g. 
percarbonate, perborate, persulfate, hydrogen peroxide, etc and with a phenolic substrate as 
bleach enhancing molecule. They are used for "solution bleaching", i.e. to prevent transfer 
of dyes or pigments removed from substrates during wash operations to other substrates in 
the wash solution. Peroxidase enzymes are known in the art, and include, for example, 
horseradish peroxidase, ligninase and haloperoxidase such as chloro- and bromo-' 
peroxidase. Suitable peroxidases and peroxidase-containing detergent compositions are 
disclosed, for example, in U.S. Patent Nos. 5,705,464, 5,710,1 15, 5,576,282, 5,728,671 and 
5,707,950. PCT International Application WO 89/099813, WO89/09813 and in European 
Patent application EP No. 91202882.6. filed on November 6. 1991 and EP No. 96870013.8, 
filed February 20. 1 996. Also suitable is the laccase enzyme. 

Enhancers are generally comprised at a level of from 0.1% to 5% by weight of total 
composition. Preferred enhancers are substitued phenthiazine and phenoxasine 10- 
Phenothiazinepropionicacid (PPT), lO-ethylphenothiazine-4-carboxylic acid (EPC), 10- 
phenoxazinepropionic acid (POP) and 1 0-methylphenoxazine (described in WO 94/12621) 
and substitued syringates (C3-C5 substitued alkyl syringates) and phenols. Sodium 
percarbonate or perborate are preferred sources of hydrogen peroxide. 
Said peroxidases are normally incorporated in the cleaning composition at levels from 
0.0001 % to 2% of pure enzyme by weight of the cleaning composition. 

Enzymatic systems may be used as bleaching agents. The hydrogen peroxide may 
also be present by adding an enzymatic system (i.e. an enzyme and a substrate therefore) 
which is capable of generating hydrogen peroxide at the beginning or during the washing 
and/or rinsing process. Such enzymatic systems are disclosed in EP Patent Application 
91202655.6 filed October 9, 1991. 
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„^„, '"^'^ i" '=l«™g con,p„si,io„. of *e 

pre^n. „ve„„„„ .„c,ud. lipase. Suitable lipase enzymes for de,e,gen, usage include .hose 
m y ..eroorgaui^, '"""""■"""^ ^ "-^-onas s-utzeri 

ATCC ,9A54. as disclosed i„ British Pattn, 1,372.034. SuiWe l.pases include those 
TT !r \ —-"ion with «,e antibody of tt,e lipase, 

produced by the „,icr„organism f.eu^on^,^ Jl^rescen, lAM ,057. This lipase is 
.va„ab,e from Amano Phan„aceutical Co. Ltd., Nagoya, Japan, the trade „au.e 

Ltpase P An,ano,» hereinafter refened to as "Antan.P". Other suitable co™n,ercia, lipases 
■nclude An-a^o-CES. lipases ex CW*»a. v.co.„„, e.g. C^,^,^,^ J J 
^.^>y..cu. NRI^B 3673 f.n. Toyo Jo.o Co.. Tagata, Japan; CW*<.,. w.oI 

LipaseR Up^^R (Gist-Brocades, and LipolaseR and Lipolase U.traR(Novo) »hich 
have found to be vety effective when used in combination with the compositions of the 
«r,T°!;"°"' "^""^ EP 258 068. WO 

^oZ^2 rui::.'' *° '^'"-^^ - ™ - 

Also suitable are cutinases [EC 3. 1 . 1 .50] which can be considered as a special kind 
of hpase. namely lipases which do not requite interfacial activation. Addition of cutinases 

ro/olrZrr"^" ''^'^ " ^°-^-'«'<»367 (Ge„e„cor); WO 

90/09446 (Plant Genettc System) and WO 94/14963 and WO 94/14964 (Unilever) 

Lipases and/or cutinases. when present, ate nonnally incorpot^ted in the cleaning 
cotnposmon at levels from 0.0001«/. to 2% of pure enzyme by weight of the cleaning 

composition. ^ 

In addition to the above referenced lipases, phospholipases may be incorpomed 
■nto tb. cleanmg compositions of the present invention. Nonlimiting examples of suitable 
Pbosp o , pases i„c,ud«l: EC 3.,.,.32 Phospholipase Al; EC 3.M.4 Phospholipase A2; 
EC 3.1.1.5 LysophoHpase; EC 3.1.4.3 Phospholipase C; EC 3.1.4.4. Phospolipase D 
Commerctally available phospholipases include LECITASE® from Novo Nordisk A/S of 
Denmark and Phospholipase A2 flom Sigma. When pbospolipases a„ included i„ the 
compos,, ons of the present invention, i, is p„fe,red that amylases ate also included. 
W«h<H„ destnng to be bound by theoty, i, is believe, that d,e combined action of the 
Phosphol,^ and amylase provide substantive s«i„ removal, especially on greasy/oily 
standby and h.ghly colored stains and soils. Prefetably, the phospholipase and amyj 
when present are incorporated into the compositions of the ptesent invention a. a pure' 
enzyme weigh, mio benveen 4500: 1 and 1 :5, more preferably between 50: 1 and 1 • 1 
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Suitable proteases are the subtilisins which are obtained from particular strains of 
B. subuUs and B. licheniformis (subtilisin BPN and BPN'). One suitable protease is 
obtained from a strain of ^.c///u., having maximum activity throughout the pH range of 8- 
12, developed and sold as ESPERASE® by Novo Industries A/S of Denmark, hereinafter 
"Novo". Tl,e preparation of this enzyme and analogous enzymes is described in GB 
1,243,784 to Novo. Proteolytic enzymes also encompass modified bacterial serine 
proteases, such as those described in European Patent Application Serial Number 87 
303761.8, filed April 28, 1987 (particularly pages 17, 24 and 98), and which is called 
herein "Protease B", and in European Patem Application 199,404, Venegas, published 
October 29, 1986, which refers to a modified bacterial serine protealytic enzyme which is 
called "Protease A" herein. Suitable is the protease called herein "Protease C", which is a 
variant of an alkaline serine protease from BaulM in which Lysine replaced arginine at 
position 27. tyrosine replaced valine at position 104, serine replaced asparagine at position 
123, and alanine replaced threonine at position 274. Protease C is described in EP 
90915958:4, corresponding to WO 91/06637, Published May 16, 1991. Genetically 
modified variants, particulariy of Protease C, are also included herein. 

A preferred protease referred to as "Protease D" is a carbonyl hydrolase as 
described in U.S. Patent No. 5,677,272. and WO95/10591. Also suitable is a carbonyl 
hydrolase variant of the protease described in W095/1 0591, having an amino acid sequence 
derived by replacement of a plurality of amino acid residues replaced in the precursor 
enzyme corresponding to position +210 in combination with one or more of the following 
residues : +33, +62, +67, +76, +100, +101, +103, +104, +107, +128, +129 +130 +132 
+135, +156, +158, +164, +166, +167, +170, +209, +215. +217, +218, and +222, where the' 
numbered position corresponds to naturally-occurring subtilisin from Bacillus 
amyloliquefaciens or to equivalent amino acid residues in other carbonyl hydrolases or 
subtilisins, such as Bacillus lentus subtilisin (co-pending patem application US Serial No 
60/048,550. filed June 04, 1997 and PCX International Application Serial No 
PCT/IB98/00853). 

Also suitable for the present invention are proteases described in patent 
applications EP 251 446 and WO 91/06637, protease BLAP® described in WO91/02792 
and their variants described in WO 95/23221 . 

See also a high pH protease from Bacillus sp. NCIMB 40338 described in WO 
93/18140 A to Novo. Enzymatic detergents comprising protease, one or more other 
enzymes, and a reversible protease inhibitor are described in WO 92/03529 A to Novo. 
When desired, a protease having decreased adsorption and increased hydrolysis is available 
as described in WO 95/07791 to Procter & Gamble. A recombinant to'psin-like protease 
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for detergents suitable herein is described in WO 94/25583 to Novo. Other suitable 
proteases are described in EP 5 1 6 200 by Unilever. 

Particularly useful proteases are described in PCX publications: WO 95/30010- 
WO 95/30011; and WO 95/29979. Suitable proteases are commercially available a^ 
ESPERASE®, ALCALASE®, DURAZYM®, SAVINASE®, EVERLASE® and 
KANNASE® all from Novo Nordisk A/S of Denmark, and as MAXATASE® 
MAXACAL®, PROPERASE® and MAXAPEM® all from Genencor Inten^ationai 
(formeriy Gist-Brocades of The Netheriands). 

Such proteolytic enzymes, when present, are incorporated in the cleaning 
compositions of the present invention a level of from 0.0001% to 2%, preferably from 
0.001% to 0.2%, more preferably fi-om 0.005% to 0.1% pure enzyme by v^eight of the 
composition. 

Amylases (a and/or B) can be included for removal of carbohydrate-based stains 
WO94/02597 describes cleaning compositions which incorporate mutam amylases. See 
also WO95/I0603. Other amylases known for use in cleaning compositions include both a 
- and p-amylases. a-Amylases are known in the art and include those disclosed in US Pat 
no. 5,003,257; EP 252,666; WO/91/00353; FR 2,676,456; EP 285.123; EP 525,610; EP 
368,341; and British Patent specification no. 1,296,839 (Novo). Other suitable amylases are 
stability-enhanced amylases described in W094/18314 and WO96/05295, Genencor, and 
amylase variants having additional modification in the immediate parent available from 
Novo Nordisk A/S, disclosed in WO 95/10603. Also suitable are amylases described in EP 
277 216. 

Examples of commercial a-amylases products are Purafect Ox Am® from 
Genencor and Tennamyl®, Ban® .Fungamyl® and Duramyl®, all available from Novo 
Nordisk A/S Denmark. W095/26397 describes other suitable amylases : a-amylases 
characterised by having a specific activity at least 25% higher than the specific activity of 
Termamyl® at a temperature range of 25°C to 55oC and at a pH value in the range of 8 to 
10, measured by the Phadebas® a-amylase activity assay. Suitable are variants of the 
above enzymes, described in W096/23873 (Novo Nordisk). aher amylolytic enzymes with 
improved properties with respect to the activity level and the combination of 
thermostability and a higher activity level are described in W095/35382. 

Such amylolytic enzymes, when present, are incorporated in the cleaning 
compositions of the present invention a level of from 0.0001% to 2%, preferably from 
0.00018% to 0.06%, more preferably from 0.00024% to 0.048% pure enzyme by weight of 
the composition. 

The above-mentioned enzymes may be of any suitable origin, such as vegetable, 
animal, bacterial, fimgal and yeast origin. Origin can further be mesophilic or extremophilic 
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(psychrophilic, psychrotrophic, thermophilic, barophilic, alkalophilic, acidophilic, 
halophilic, etc.). Purified or non-purified forms of these enzymes may be used. Nowadays, 
it is common practice to modify wild-type enzymes via protein / genetic engineering 
techniques in order to optimize their performance efficiency in the laundry detergent and/or 
fabric care compositions of the invention. For example, the variants may be designed such 
that the compatibility of the enzyme to commonly encountered ingredients of such 
compositions is increased. Alternatively, the variant may be designed such that the optimal 
pH, bleach or chelant stability, catalytic activity and the like, of the enzyme variant is 
tailored to suit the particular cleaning application. 

In particular, attention should be focused on amino acids sensitive to oxidation in 
the case of bleach stability and on surface charges for the surfactant compatibility. The 
isoelectric point of such enzymes may be modified by the substitution of some charged 
amino acids, e.g. an increase in isoelectric point may help to improve compatibility with 
anionic surfactants. The stability of the enzymes may be further enhanced by the creation of 
e.g. additional salt bridges and enforcing calcium binding sites to increase chelant stability. 

These optional detersive enzymes, when present, are normally incorporated in the 
cleaning composition at levels from 0.0001% to 2% of pure enzyme by weight of the 
cleaning composition. The enzymes can be added as separate single ingredients (prills, 
granulates, stabilized liquids, etc... containing one enzyme ) or as mixtures of two or more 
enzymes ( e.g. cogranulates ). 

Other suitable detergent ingredients that can be added are enzyme oxidation 
scavengers. Examples of such enzyme oxidation scavengers are ethoxylated tetraethylene 
polyamines. 

A range of enzyme materials and means for their incorporation into synthetic 
detergent compositions is also disclosed in WO 9307263 and WO 9307260 to Genencor 
International, WO 8908694, and U.S. 3,553,139, January 5, 1971 to McCarty et al. 
Enzymes are further disclosed in U.S. 4,101,457, and in U.S. 4,507,219. Enzyme materials 
useful for liquid detergent formulations, and their incorporation into such formulations, are 
disclosed in U.S. 4,261,868. 

Bnzym^ $tabill>,6 , rs - Enzymes for use in detergents can be stabilized by various techniques. 
Enzyme stabilization techniques are disclosed and exemplified in U.S. 3,600,319, EP 
199,405 and EP 200,586. Enzyme stabilization systems are also described, for example, in 
U.S. 3,519,570. A useful Bacillus, sp. AC13 giving proteases, xylanases and cellulases, is 
described in WO 9401532. The enzymes employed herein can be stabilized by the presence 
of water-soluble sources of calcium and/or magnesium ions in the finished compositions 
which provide such ions to the enzymes. Suitable enzyme stabilizers and levels of use are 
described in U.S. Pat. Nos. 5,705,464, 5,710,1 15 and 5,576,282. 
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fiuildSES - The detergent and cleaning compositions described herein preferably comprise 
one or more detergent builders or builder systems. When present, the compositions will 
typically comprise at least about 1% builder, preferably from about 5%, more preferably 
from about 10% to about 80%, preferably to about 50%, more preferably to about 30% by 
weight, of detergem builder. Lower or higher levels of builder, however, are not meant to 
be excluded. 

Prefen-ed builders for use in the detergent and cleaning compositions, particularly 
dishwashing compositions, described herein include, but are not limited to, water-soluble 
builder compounds, (for example polycarboxylates) as described in U.S Patent Nos 
5,695,679, 5,705,464 and 5,710,115. Other suitable polycarboxylates are disclosed in 
U.S. Patent Nos. 4,144,226, 3.308,067 and 3,723,322. Preferred polycarboxylates are 
hydroxycarboxylates containing up to three carboxy groups per molecule, more 
particularly titrates. 

Inorganic or P-containing detergent builders include, but are not limited to the 
alkali metal, ammonium and alkanolammonium salts of polyphosphates (exemplified by 
the tnpolyphosphates, pyrophosphates, and glassy polymeric m eta-phosphates), 
phosphonates(see, for example, U.S. Patent Nos. 3,159,581; 3,213,030; 3,422,021; 
3,400,148 and 3,422,137), phytic acid, silicates, carbonates (including biclrbonates and 
sesquicarbonates), sulphates, and aluminosilicates. 

However, non-phosphate builders are required in some locales. Importantly, the 
compositions herein function surprisingly well even in the presence of the so-called "weak- 
builders (as compared with phosphates) such as citrate, or in the so-called "underbuilt" 
situation that may occur with zeolite or layered silicate builders. 

Suitable silicates include the water-soluble sodium silicates with an SiO^iNap 
ratio of from about 1 .0 to 2.8, with ratios of from about 1 .6 to 2.4 being preferred, and 
about 2.0 ratio being most preferred. The silicates may be in the form of either the 
anhydrous sah or a hydrated salt. Sodium silicate with an SiO.rNa^O ratio of 2.0 is the 
most preferred. Silicates, when present, are preferably present in the detergent and 
cleaning compositions described herein at a level of from about 5% to about 50% by 
weight of the composition, more preferably from about 10% to about 40% by weight. 

Partially soluble or insoluble builder compounds, which are suitable for use in the 
detergent and cleaning compositions, particularly granular detergent compositions, include 
but ar^ not limited to, crystalline layered silicates, preferably crystalline layered sodium 
silicates (partially water-soluble) as described in U.S. Patent No. 4,664,839, and sodium 
aluminosilicates (water-insoluble). When present in detergent and cleaning compositions, 
these builders are typically present at a level of from about 1% to 80% by weight, 
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preferably from about 10% to 70% by weight, most preferably from about 20% to 60% by 
weight of the composition. 

Crystalline layered sodium silicates having the general formula 
NaMSix02x-hl •yH20 wherein M is sodium or hydrogen, x is a number from about 1 .9 to 
about 4, preferably from about 2 to about 4, most preferably 2, and y is a number from 
about 0 to about 20, preferably 0 can be used in the compositions described herein. 
Crystalline layered sodium silicates of this type are disclosed in EP-A-0164514 and 
methods for their preparation are disclosed in DE-A-3417649 and DE-A-3742043. The 
most preferred material is delta-Na2Si05, available from Hoechst AG as NaSKS-6 

(commonly abbreviated herein as "SKS-6"). Unlike zeolite builders, the Na SKS-6 silicate 
builder does not contain aluminum. NaSKS-6 has the delta-Na2Si05 morphology form of 

layered silicate. SKS-6 is a highly preferred layered silicate for use in the compositions 
described herein herein, but other such layered silicates, such as those having the general 
formula NaMSix02x+ryH20 wherein M is sodium or hydrogen, x is a number from 1 .9 
to 4, preferably 2, and y is a number from 0 to 20, preferably 0 can be used in the 
compositions described herein. Various other layered silicates from Hoechst include 
NaSKS-5, NaSKS-7 and NaSKS-1 1, as the alpha, beta and gamma forms. As noted above, 
the delta-Na2Si05 (NaSKS-6 form) is most preferred for use herein. Other silicates may 

also be useful such as for example magnesium silicate, which can serve as a crispening 
agent in granular formulations, as a stabilizing agent for oxygen bleaches, and as a 
component of suds control systems. 

The crystalline layered sodium silicate material is preferably present in granular 
detergent compositions as a particulate in intimate admixture with a solid, water-soluble 
ionizable material. The solid, water-soluble ionizable material is preferably selected from 
organic acids, organic and inorganic acid salts and mixtures thereof. 

Aluminosilicate builders are of great importance in most currently marketed heavy 
duty granular detergent compositions, and can also be a significant builder ingredient in 
liquid detergent formulations. Aluminosilicate builders have the empirical formula: 

[M2(A102)y]xH20 

wherein z and y are integers of at least 6, the molar ratio of z to y is in the range from 1 .0 
to about 0.5, and x is an integer from about 1 5 to about 264. Preferably, the 
aluminosilicate builder is an aluminosilicate zeolite having the unit cell formula: 

Na,[(A102),(Si02)y] xH^O 
wherein z and y are at least 6; the molar ratio of z to y is from 1 .0 to 0.5 and x is at least 5, 
preferably 7.5 to 276, more preferably from 10 to 264. The aluminosilicate builders are 
preferably in hydrated form and are preferably crystalline, containing from about 10% to 
about 28%, more preferably from about 1 8% to about 22% water in bound form. 
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These aluminosilicate ion exchange materials can be crystalline or amorphous in 
structure and can be natural ly-occurring aluminosilicates or synthetically derived. A 
method for producing aluminosilicate ion exchange materials is disclosed in U S 
3,985.669. Preferred synthetic crystalline aluminosilicate ion exchange materials useful 
herem are available under the designations Zeolite A, Zeolite B, Zeolite P Zeolite X 
Zeolite MAP and Zeolite HS and mixtures thereof In an especially prefe^ed embodiment 
the crystall.ne aluminosilicate ion exchange material has the formula: 

Na 1 2[(A102) 1 2(Si02) 1 2] •XH2O 
wherein x is from about 20 to about 30, especially about 27. This material is known as 
Zeolite A. Dehydrated zeolites (x = 0 - 1 0) may also be used herein. Preferably the 
alummosilicate has a particle size of about 0.1-10 microns in diameter. Zeolite X has the 
formula: 

Na86[(AlO2)86(SiO2)i06]-276H2O 
Citrate builders, e.g., citric acid and soluble salts thereof (particularly sodium salt) 
are polycarboxylate builders of particular importance for heavy duty liquid detergem 
formulations due to their availability from renewable resources and their biodegradability 
Ctrates can also be used in granular compositions, especially in combination with zeolite 
and/or layered silicate builders. Oxydisuccinates are also especially useful in such 
compositions and combinations. 

Also suitable in the detergem compositions described herein are the 3,3-dicarboxy- 
4-oxa-l,6-hexanedioates and the related compounds disclosed in U.S. 4 566 984 Useful 
succmic acid builders include the C5-C20 alkyl and alkenyl succinic acids and salts 
thereof A particulariy preferred compound of this type is dodecenylsuccinic acid. 
Specific examples of succinate builders include: laurylsuccinate. myristylsuccinate. 
palmitylsuccinate, 2-dodecenylsuccinate (preferred), 2-pentadecenylsuccinate, and the like 
Laurylsuccinates are the preferred builders of this group, and are described in European 
Patent Application 86200690.5/0,200,263. published November 5, 1986. 

Fatty acids, e.g.. C12-C18 monocarboxylic acids, can also' be incorporated into the 
compositions alone, or in combination with the aforesaid builders, especially citrate and/or 
the succinate builders, to provide additional builder activity. Such use of fatty acids will 
generally result in a diminution of sudsing, which should be taken into account by the 
formulator. 

nispersantS - One or more suitable polyalkyleneimine dispersants may be incorporated into 
the cleaning compositions of the present invention. Examples of such suitable dispersants 
can be found in European Patent Application Nos. 1 1 1,965. 1 1 1,984, and 1 12 592- U S 
Patent Nos. 4.597,898, 4.548,744, and 5,565,145. However, any suitable clay/soil' 
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dispersent or anti-redepostion agent can be used in the laundry compositions of the present 
invention. 

In addition, polymeric dispersing agents which include polymeric polycarboxyiates 
and polyethylene glycols, are suitable for use in the present invention. Unsaturated 
monomeric acids that can be polymerized to form suitable polymeric polycarboxyiates 
include acrylic acid, maleic acid (or maleic anhydride), fumaric acid, itaconic acid, aconitic 
acid, mesaconic acid, citraconic acid and methylenemalonic acid. Particularly suitable 
polymeric polycarboxyiates can be derived from acrylic acid. Such acrylic acid-based 
polymers which are useful herein are the water-soluble salts of polymerized acrylic acid. 
The average molecular weight of such polymers in the acid form preferably ranges from 
about 2,000 to 10,000, more preferably from about 4,000 to 7,000 and most preferably from 
about 4,000 to 5,000. Water-soluble salts of such acrylic acid polymers can include, for 
example, the alkali metal, ammonium and substituted ammonium salts. Soluble polymers 
of this type are known materials. Use of polyacrylates of this type in detergent 
compositions has been disclosed, for example, in U.S. 3,308,067. 

Acrylic/maleic-based copolymers may also be used as a preferred component of the 
dispersing/anti-redeposition agent. Such materials include the water-soluble salts of 
copolymers of acrylic acid and maleic acid. The average molecular weight of such 
copolymers in the acid form preferably ranges from about 2,000 to 100,000, more 
preferably from about 5,000 to 75,000, most preferably from about 7,000 to 65,000. The 
ratio of acrylate to maleate segments in such copolymers will generally range from about 
30:1 to about 1 : 1 , more preferably from about 10:1 to 2:1. Water-soluble salts of such 
acrylic acid/maleic acid copolymers can include, for example, the alkali metal, ammonium 
and substituted ammonium salts. Soluble acrylate/maleate copolymers of this type are 
known materials which are described in European Patent Application No. 66915, published 
December 15, 1982. as well as in EP 193,360, published September 3, 1986, which also 
describes such polymers comprising hydroxypropylacrylate. Still other usefiil dispersing 
agents include the maleic/acrylic/vinyl alcohol terpolymers. Such materials are also 
disclosed in EP 193,360, including, for example, the 45/45/10 terpolymer of 
acrylic/maleic/vinyl alcohol. 

Another polymeric material which can be included is polyethylene glycol (PEG). 
PEG can exhibit dispersing agent performance as well as act as a clay soil removal- 
antiredeposition agent. Typical molecular weight ranges for these purposes range from 
about 500 to about 100.000, preferably from about 1,000 to about 50,000, more preferably 
from about 1,500 to about 10,000. 
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Polyaspartate and polyglutamate dispersing agents may also be used, especially in 
conjunction with zeolite builders. Dispersing agents such as polyaspartate preferably have 
a molecular weight (avg.) of about 10,000. 

Soil Release A ge nts - The compositions according to the present invention may 
optionally comprise one or more soil release agents. If utilized, soil release agents will 
generally comprise from about O.Om, preferably from about O.m, more preferably from 
about 0.2O/O to about 10%, preferably to about S"/., more preferably to about 3% by weight 
of the composition. Nonlimiting examples of suitable soil release polymers are disclosed ' 
m: U.S. Patent Nos. 5,728,671; 5,691,298; 5,599,782; 5,415,807; 5,182.043- 4 956 447- 
4,976,879; 4,968,45 1 ; 4,925,577; 4,861,512; 4,877,896; 4,771,730; 4,711 730- 4 721' 580- 
4,000,093; 3.959,230; and 3,893,929; and European Patent Application 0 219 048. ' ' 

Further suitable soil release agents are described in U.S. Patem Nos 4 201 824- 
4,240,918; 4,525,524; 4,579,681; 4,220,91 8; and 4,787,989; EP 279,134 A- EP 457 205 A- 
and DE 2,335,044. 

Chgl^Tinp Apfnt ^ i - The compositions of the presem invention herein may also optionally 
contain a chelating agem which serves to chelate metal ions and metal impurities which 
would otherwise tend to deactivate the bleaching agent(s). Useful chelating agents can 
mclude ammo carboxylates. phosphonates, amino phosphonates, polyfunctionally- 
substituted aromatic chelating agents and mixtures thereof. Further examples of suitable 
chelating agents and levels of use are described in U.S. Pat. Nos. 5,705,464 5 710 115 
5,728,671 and 5,576,282. . . , , , 

The compositions herein may also contain water-soluble methyl glycine diacetic 
acd (MGDA) salts (or acid form) as a chelant or co-builder useful with, for example, 
insoluble builders such as zeolites, layered silicates and the like. 

If utilized, these chelating agents will generally comprise from about 0.1% to about 
15%, more preferably from about 0.1% to about 3.0% by weight of the detergent 
compositions herein. 

gtids.supprf S' jOr - Another optional ingredient is a suds suppressor, exemplified by 
silicones, and silica-silicone mixtures. Examples of suitable suds suppressors are disclosed 
m U.S. Patent Nos. 5.707,950 and 5,728,671 . These suds suppressors are normally 
employed at levels of from 0.001% to 2% by weight of the composition, preferably from 
0.01% to 1% by weight. 

Spfteninpflgrnf! - Fabric softening agents can also be incorporated into laundry detergent 
compositions in accordance with the present invemion. Inorganic softening agents are 
exemplified by the smectite clays disclosed in GB-A-1 400 898 and in U.S. 5.019 292 
Organic softening agents include the water insoluble tertiary amines as disclosed in GB-A- 
1 514 276 and EP-B-011 340 and their combination with monoC12-C14quateniary 
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ammonium salts are disclosed in EP-B-026 527 and EP-B-026 528 and di-long-chain 
amides as disclosed in EP-B-0 242 919. Other useful organic ingredients of fabric softening 
systems include high molecular weight polyethylene oxide materials as disclosed in EP-A-0 
299 575 and 0 313 146. 

Particularly suitable fabric softening agents are disclosed in U.S. Patent Nos. 
5,707,950 and 5,728,673. 

Levels of smectite clay are normally in the range from 2% to 20%, more preferably 
from 5% to 1 5% by weight, with the material being added as a dry mixed component to the 
remainder of the formulation. Organic fabric softening agents such as the water-insoluble 
tertiary amines or dilong chain amide materials are incorporated at levels of from 0.5% to 
5% by weight, normally from 1% to 3% by weight whilst the high molecular weight 
polyethylene oxide materials and the water soluble cationic materials are added at levels of 
from 0.1% to 2%, normally from 0.1 5% to 1 .5% by weight. These materials are nonnally 
added to the spray dried portion of the composition, although in some instances it may be 
more convenient to add them as a dry mixed particulate, or spray them as molten liquid on 
to other solid components of the composition. 

Biodegradable quaternary ammonium compounds as described in EP-A-040 562 
and EP-A-239 910 have been presented as alternatives to the traditionally used di-Iong 
alkyl chain ammonium chlorides and methyl sulfates. 

Non-limiting examples of softener-compatible anions for the quaternary 
ammonium compounds and amine precursors include chloride or methyl sulfate. 
Pve transfer inhibition - The detergent compositions of the present invention can also 
include compounds for inhibiting dye transfer from one fabric to another of solubilized and 
suspended dyes encountered during fabric laundering and conditioning operations involving 
colored fabrics. 

Polymeric dye transfer inhibiting agents 

The detergent compositions according to the present invention can also comprise 
from 0.001% to 10 %, preferably from 0.01% to 2%, more preferably from 0.05% to 1% by 
weight of polymeric dye transfer inhibiting agents. Said polymeric dye transfer inhibiting 
agents are normally incorporated into detergent compositions in order to inhibit the transfer 
of dyes from colored fabrics onto fabrics washed therewith. These polymers have the ability 
to complex or adsorb the fugitive dyes washed out of dyed fabrics before the dyes have the 
opportunity to become attached to other articles in the wash. 

Especially suitable polymeric dye transfer inhibiting agents are polyamine N-oxide 
polymers, copolymers of N-vinylpyrrolidone and N-vinyiimidazole, polyvinylpyrrolidone 
polymers, polyvinyloxazolidones and polyvinylimidazoles or mixtures thereof. Examples 
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of such dye transfer inhibiting agents are disclosed in U.S. Patent Nos. 5 707 950 and 
5,707,951. ' 

Additional suitable dye transfer inhibiting agents include, but are not limited to 
cross-Imked polymers. Cross-linked polymers are polymers whose backbone are 
mterconnected to a certain degree; these links can be of chemical or physical nature 
possibly with active groups n the backbone or on branches; cross-linked polymers h'ave 
been described in the Journal of Polymer Science, volume 22, pages 1 035-1 039. 

m one embodiment, the cross-linked polymers are made in such a way that they 
form a three-dimensional rigid structure, which can entrap dyes in the pores fonned by the 
three-dimensional structure. In another embodiment, the cross-linked polymers entrap the 
dyes by swelling. Such cross-linked polymers are described in the co-pending European 
patent application 94870213.9. 

Addition of such polymers also enhances the performance of the enzymes according 
the invention. 

pHandB,.fferinpVf^n>Tion - Many of the detergent and cleaning compositions 
described herein will be buffered, i.e., they are relatively resistam to pH drop in the 
presence of acidic soils. However, other compositions herein may have exceptionally low 
buffermg capacity, or may be substantially unbuffered. Techniques for comrolling or 
varying pH at recommended usage levels more generally include the use of not only 
buffers, but also additional alkalis, acids, pH-jump systems, dual compartment containers, 
etc., and are well known to those skilled in the art. 

The preferred ADD compositions herein comprise a pH-adjusting component 
selected from water-soluble alkaline inorganic salts and water-soluble organic or inorganic 
builders as described in U.S. Patent Nos. 5,705,464 and 5,710,1 15. 

Material Care ^gm 5 - The preferred ADD compositions may contain one or more material 
care agents which are effective as corrosion inhibitors and/or anti-tamish aids as described 
m U.S. Patent Nos. 5,705,464, 5,710,1 15 and 5,646,101. 

When present, such protecting materials are preferably incorporated at low levels 
e.g., from about 0.01% to about 5% of the ADD composition. 
Other MatmaH - Detersive ingredients or adjuncts optionally included in the instant 
compositions can include one or more materials for assisting or enhancing cleaning 
performance, treatment of the substrate to be cleaned, or designed to improve the aesthetics 
of the compositions. Adjuncts which can also be included in compositions of the present 
invention, at their conventional art-established levels for use (generally, adjunct materials 
comprise, m total, from about 30o/. to about 99.9%, preferably from about 70% to about 
95%, by weight of the compositions), include other active ingredients such as non- 
phosphate builders, color speckles, silvercare, anti-tamish and/or anti-coirosion agents 
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dyes, fillers, germicides, alkalinity sources, hydrotropes, anti-oxidants, perfiimes, 
solubilizing agents, carriers, processing aids, pigments, and pH control agents as described 
in U.S. Patent Nos. 5,705,464, 5,710,115. 5,698,504, 5,695,679, 5,686,014 and 5,646,101. 
Methods ofClganing - In addition to the methods for cleaning fabrics, dishes and other hard 
surfaces, and body parts by personal cleansing, described herein, the invention herein also 
encompasses a laundering pretreatment process for fabrics which have been soiled or 
stained comprising directly contacting said stains and/or soils with a highly concentrated 
form of the cleaning composition set forth above prior to washing such fabrics using 
conventional aqueous washing solutions. Preferably, the cleaning composition remains in 
contact with the soil/stain for a period of from about 30 seconds to 24 hours prior to 
washing the pretreated soiled/stained substrate in conventional manner. More preferably, 
pretreatment times will range from about 1 to 1 80 minutes. 

The following examples are meant to exemplify compositions of the present 
invention, but are not necessarily meant to limit or otherwise define the scope of the 
invention. 

In all of the following examples Protease' means a protease variant comprising 
substitution of amino acid residues with another naturally occurring amino acid residue at 
positions corresponding to positions 101G/103A/104I/159D/232V/236H/245R/248D/252K 
of Bacillus amyloUquefaciens subtilisin. Protease' can be substituted with any other 
additional protease variant of the present invention, with substantially similar results in the 
following examples. 

In the cleaning composition examples of the present invention, the Protease' 
enzyme levels are expressed by pure enzyme by weight of the total composition, the other 
enzyme levels are expressed by raw material by weight of the total composition, and unless 
otherwise specified, the other ingredients are expressed by weight of the total composition. 

Further, in all of the following examples Amylase' means an amylase variant 
according to the present invention. 

Further, in the following examples some abbreviations known to those of ordinary 
skill in the art are used, consistent with the disclosure set forth herein. 
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Examples 1-7 



Compon ent 

Protease* 

Protease^ 

Amylase^ 

Chelant** 

Citrate 

LAS 

AS 

AES 

Amine Oxide 
Hydrotrope 
Solvent*** 
Water and M^nnipc 



I 9 


2 


niny i^ornDOsiTionc 
4 5 


6 




0.05 0.05 


0.20 




0.10 


7 

0.03 








0.20 


0.1 


0.002 


0.002 




0.0008 


0.005 






-i-yu 2.90 












2.90 


2.90 


1.95 




1.95 - 


1.95 




2.00 - 


2.20 


2.20 




2.20 


2.00 - 


2.20 


2.20 




2.20 


0.40 - 


0.50 


0.50 




0.50 


1.30 




1.30 - 


1.30 





6.30 6.30 6.30 6.30 
balance to I0 (>% 



6.30 



6.30 



^ Protease other than the Protease' including but not limited to the additional proteases 
useful in the present invention described herein. 
**Na4 ethylenediamine diacetic acid 



***Diethyleneglycol monohexyl ether 
****AI1 formulas adjusted to pH 7 



In Examples 6 and 7, any combination of the protease enzymes useful in the 
present invention recited herein, among others, are substituted for Protease' and Protease^ 
with substantially similar results. 
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Examples 2-7 
Dishwfl^fhir g Composition 

Example No. 



Component 


2 


3 


4 


5 


6 


7 


Protease' 


0.05 


0.50 


0.02 


0.40 


0.10 


0.03 


Protease^ 


- 








0.40 


0.1 




- 


- 


_ 


Amylase' 


0.002 


0.002 


0.0005 


0.04 


0.0008 


0.005 


TFAAI 


0.90 


0.90 


0.90 


0.90 


0.90 


0.90 


AES 


12.00 


12.00 


12.00 


12.00 


12.00 


12.00 


2-methyl undecanoic acid 


4.50 


4.50 


— 


4.50 


4.50 




C]2 ethoxy (2) carboxylate 


4.50 


4.50 


4.50 


4.50 


4.50 


4.50 


C]2 alcohol ethoxylate (4) 


3.00 


3.00 


3.00 


3.00 


3.00 


3.00 


Amine oxide 


3.00 


3.00 


3.00 


3.00 


3.00 


3.00 


Hydrotrope 


2.00 


2.00 


2.00 


2.00 


2.00 


2.00 


Ethanol 


4.00 


4.00 


4.00 


4.00 


4.00 


4.00 


Mg++ (as MgCl2) 


0.20 


0.20 


0.20 


0.20 


0.20 


0.20 


Ca++ (as CaCl2) 


0.40 


0.40 


0.40 


0.40 


0.40 


0.40 


Water and Minors**** 






balance 1 


to 100% 







Protease other than the Protease^ including but not limited to the additional proteases 
useful in the present invention described herein. 
**♦* Product pH is adjusted to 7. 

In Examples 6 and 7, any combination of the protease enzymes useful in the 
present invention recited herein, among others, are substituted for Protease* and Protease^ 
with substantially similar results. 



B 

15.0 



Example 8 

Pishwashinp Compositionf; TAAr R ADW; T J jguiH) 

Component ^ 

STPP 17.5 
Citrate 

Sodium polyacrylate (MW 4500) o.80 

Acusol 480N . 5 jQ 

Potassium carbonate g 30 

Sodium carbonate . g 

2.1rK Silicate 399 

2.0rNa Silicate 2 00 
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3.2r Na Silicate 

Aluminum tristearate 

Nonionic surfactant 

NaAE0.6S 

Glucose amide 

C10E8 

Betaine 

Amine oxide 

Magnesium as oxide 

Hydrotrope 

Sodium hypochlorite as AvClj 

Amylase^ 

Protease' 

Balance to 100% 



5.18 
0.10 

2.50 

24.70 

3.09 

4.11 

2.06 

2.06 

0.49 

4.47 

1.15 

0.002 0.03 0.005 
001 0.43 0.05 



Example 9 

Pi , shw,,hintr Cpn,po.itions ( nr.mlix.m.M^.,^^ 

AE1.4S 

N-cocoyl N-methyl glucamine 
Amine oxide 
Betaine 

Nonionic surfactant 
Hydrotrope 
Magnesium 
Ethanol 
LemonEase 
Geraniol/BHT 
Amylase^ 
Protease^ 
Balance to 100% 



A 


R 


24.69 


24.69 


3.09 


3.09 


2.06 


2.06 


2.06 


2.06 


4.11 


4.11 


4.47 


4.47 


0.49 


0.49 


7.2 


7.2 


0.45 


0.45 




0.60/0.02 


0.03 


0.005 


0.0 1 


0.43 
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Example 1 0 
Granular Automatjp p ishwashinp Compo| ;j|j»p 



Component 
Citric Acid 
Citrate 

Acrylate/methacrylate copolymer 

Acrylic acid maleic acid copolymer 

Dry add carbonate 

Alkali metal silicate 

Paraffin 

Benzotriazole 

Amylase^ 

Protease' 

Percarbonate (AvO) 

Perborate monohydrate 

Perborate tetrahydrate 

Tetraacetylethylene diamine 

Diethylene triamine penta methyl phosphonic acid 

(Mg salt) 

Alkyl ethoxy sulphate - 3 times ethoxylated 

Alkyl ethoxy propoxy nonionic surfactant 

Suds suppressor 

Olin SLFl 8 nonionic surfactant 

Sulphate 



A 
15.0 
4.0 
6.0 

9.0 
8.5 



1.6 
0.2 
1.5 



3.8 
0.13 

3.0 

2.0 



29.0 

3.7 

17.0 

0.5 

0.3 

1.6 

0.1 

0.3 
0.9 
4.4 
0.13 



1.5 



15.0 
6.0 

20.0 
9.0 



1.6 
0.06 

1.5 



0.13 



2.0 



Balance to 100% 



Example 1 1 

Compact high density (0.96Kg/l) dishwashing detergent compositions A to F i 



accordance with the invention: 



Component 


A 


B 


C 


D 


E 


F 


STEP 




51.4 


51.4 






44.3 


Citrate 


17.05 






49.6 


40.2 




Carbonate 


17.50 


14.0 


20.0 




8.0 


33.6 


Bicarbonate 








26.0 






Silicate 


14.81 


15.0 


8.0 




25.0 


3.6 


Metasilicate 


2.50 


4.5 


4.5 








FBI 


9.74 


7.79 


7.79 








PB4 








9.6 
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Example 17 

<'='-8-. oo,„posWo„s examples A .„ F of bulk density 

1 -UZKg/l. in accordance with the invention • 
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pH(l% solution) 



10.80 



11.3 



11.0 



10.70 



11.5 



10.9 



Example 13 

Tablet detergent composition examples A to H in accordance with the present 
invention are prepared by compression of a granular dishwashing detergent composition at 



a pressure of 1 3KN/c 


m-^ usir 


ig a standard 12 


head rotary press: 


Component 


A 


B 


C 


D 


E 


F 


G 


H 


STPP 


- 


48.8 


54.7 


38.2 


- 


52.4 


56.1 


36.0 


Citrate 


20.0 


- 




- 


35.9 


- 


- 


- 


Carbonate 


20.0 


5.0 


14.0 


15.4 


8.0 


23.0 


20.0 


28.0 


Silicate 


15.0 


14.8 


15.0 


12.6 


23.4 


2.9 


4.3 


4.2 


Protease' 


0.05 


0.09 


0.05 


0.03 


0.06 


0.03 


0.03 


0.1 


Amylase^ 


1.5 


1.5 


1.5 


0.85 


1.9 


0.4 


2.1 


0.3 


PBl 


14.3 


7.8 


11.7 


12.2 


- 


- 


6.7 


8.5 


PB4 


- 


- 


- 


- 


22.8 


- 


3.4 


- 


Percarbonate 


- 


- 


- 


- 


- 


10.4 


- 


- 


Nonionic 


1.5 


2.0 


2.0 


2.2 


1.0 


4.2 


4.0 


6.5 


PAAC 


- 


- 


0.016 


0.009 


- 


- 


- 


- 


MnTACN 


- 


- 


- 


- 


0.007 


- 


- 


- 


TAED 


2.7 


2.4 


- 


- 


- 


2.1 


0.7 


1.6 


HEDP 


1.0 




■ 


0.93 


- 


0.4 


0.2 


- 


DETPMP 


0.7 
















Paraffin 


0.4 


0.5 


0.5 


0.55 






0.5 




BTA 


0.2 


0.3 


0.3 


0.33 


0.3 


0.3 


0.3 




Polycarboxylate 


4.0 








4.9 


0.6 


0.8 




PEG 












2.0 




2.0 


Glycerol 












0.4 




0.5 


Perfume 








0.05 


0.20 


0.2 


0.2 


0.2 


Sulphate / water 


17.4 


14.7 




15.74 








11.3 


weight of tablet 


20g 


258 


20g 


30g 


18g 


20g 


25g 


24.0 


pH(l% solution) 


10.7 


10.6 


10.7 


10.7 


10.9 


11.2 


11.0 


10.8 
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Component 
Tablet Body 
Sodium Carbonate 
STPP (12% HjO) 
Gran HEDP 
SKS6 

2 ratio Silicate 
FBI 

Termamyl 2x PCA 

Savinase 

Plurafac 

BTA 

PEG 

PEG 4000 

Winog 

Perfume 

Dimple Filling 

Citric Acid 

Bicarbonate 

Sandolan EHRL Dye 

PEG 400/4000 
PEG 400 
PEG 4000 
Protease' 
Amylase' 



Examp le 14 
Tablet AwtomatlV Hja liwashing ComnosifV n 



A(%R.M.) E(gR.M.) £(gR.M.) 



15.348 
46.482 
0.789 
6.578 
7.016 
10.743 
0.491 
0.526 
3.508 
0.263 
1.140 

0.439 
0.101 

0.987 
2.600 
0.007 
0.395 



0.05 
1.412 



3.500 
10.600 
0.180 
1.500 
1.600 
2.450 
0.112 
0.120 
0.800 
0.060 
0.260 

0.100 
0.023 

0.225 
0.593 
0.0017 
0.090 



0.268 
0.322 



5.25 
9.93 
0.28 
2.25 
1.65 
3.68 
.17 
0.18 
0.9 
0.09 

0.39 
0.15 
0.01 

0.23 
0.59 
0.0017 

0.02 
0.08 
0.27 
0.32 



Granular Fabric r i^^r^m^ r ^ ^p ^^- j^ jp^ 

The granular fabric cleaning compositions of the present invention contain an 
effective amount of one or more protease enzymes, preferably from about O.OOW. to about 
10/0 more preferably, from about O.OO50/0 to about 50/0, more prefe^b.y from Om% to 
about / by weight of active protease enzyme of the composition. (See U.S. Patent No. 
:>,o7y,630 Examples). 
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CompomienL 



Example 15 
Granular Fabric riepn^'"g Composif j ^p 

Example No. 



Protease' 
Protease^ 
Amylase^ 

Ci3 linear alkyl benzene sulfonate 
Phosphate (as sodium 
tripolyphosphates) 
Sodium carbonate 
Sodium silicate 
Zeolite 

Chelant (diethylaenetriamine- 
pentaacetic acid) 

Sodium sulfate 5.50 5.50 5 5^ 5 5^ 



A 


R 


r 


n 


0.10 


0.20 


ici 

0.03 










Air 


0.002 


0.0005 


0.04 


0.005 


22.00 


22.00 


22.00 


22.00 


23.00 


23.00 


23.00 


23.00 


23.00 


23.00 


23.00 


23.00 


14.00 


14.00 


14.00 


14.00 


8.20 


8.20 


8.20 


8.20 


0.40 


0.40 


0.40 


0.40 



Water 



balance tn 1 npo/. 



' Protease other than the Protease' including but not limited to the additional proteases 
useful in the present invention described herein. 

In Examples 15 C and D, any combination of the protease enzymes useful in the 
present invention recited herein, among others, are substituted for Protease^ and Protease\ 
with substantially similar results. 

Example 16 
granular Fabric Cleani ng Comp n^itirin 

Example No. 

C^mmm a r r p 

Protease' q jq 
Protease^ 

Amylase' qqq5 

C|2 alkyl benzene sulfonate 12.00 12.00 12.00 12M 



0.20 0.03 0.05 

0.2 0.1 
0.0005 0.04 0.002 
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2-butyI octanoic acid 

Ci2-Cj4 secondary (2,3) alkyi sulfate, 

Na salt 
Sodium citrate 
Optical brightener 
Sodium sulfate 

Fillers- wat er, minnr^ 
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4.00 
5.00 

5.00 
0.10 
17.00 



4.00 
5.00 

5.00 
0.10 
17.00 



4.00 
5.00 

5.00 
0.10 
17.00 



4.00 
5.00 

5.00 
0.10 
17.00 



balance tr> 1 Of>%_ 



2 _ .WW I 1/1/ /-y 

Protease oU,.r ,ha„ Ae Prcea^e' i™=,„di„g bu, „o, ItaUed ,c *e addmonal proteases 
useful m the present invention described herein. 

In Examples 16 C and D, any combination of the protease enzymes useful in the 
present mvent,on recited herein, among others, are substituted for Protease" and Protease^ 
with substantially similar results. "orease , 



Compnneniff 



Example ) 7 
Granular Fabric CAfcnir,^ ^ '- p mno^itin,,^ 

Example Nn 



A B 
"■4 10.70 



2.40 

3.00 3.10 



Linear alkyl benzene sulphonate 

Tallow alkyl sulphate , 

C] 4. J 5 alkyl sulphate 

C 1 4. J 5 alcohol 7 times ethoxylated 

4.00 4.00 

Tallow alcohol 1 1 times ethoxylated j go i go 

0.07 0.1 

0.80 0.80 

14.00 15.00 

3.00 2.50 

32.50 32.10 



Dispersant 
Silicone fluid 
Trisodium citrate 
Citric acid 
Zeolite 

Maleic acid acrylic acid copolymer 5 qq 

Diethylene triamine penta methylene ] 00 

phosphonic acid 



5.00 
0.20 



wo 99/20723 



117 



PCT/US98/22486 



Protease* 


0.1 


0.01 


Lipase 


0.36 


0.40 


Amylase 


0.30 


0.30 


Sodium silicate 


2.00 


2.50 


Sodium sulphate 


3.50 


5.20 


Polyvinyl pyrrol idone 


0.30 


0.50 


Perborate 


0.5 


1 


Phenol sulphonate 


0.1 


0.2 


Peroxidase 


0.1 


0.1 


Minors Up to 100 


Up to 100 


Example 1 8 






Grgpular Fabric Cleanine CompnsitioT,«: 




Example Nr>, 


Components 


A 


B 


Sodium linear C]2 alkyl benzene-sulfonate 


6.5 


8.0 


Sodium sulfate 


15.0 


18.0 


Zeolite A 


26.0 


22.0 


Sodium nitrilotriacetate 


5.0 


5.0 


Polyvinyl pyrrol idone 


0.5 


0.7 


Tetraacetylethylene diamine 


3.0 


3.0 


Boric acid 


4.0 




Perborate 


0.5 


1 


Phenol sulphonate 


0.1 


0.2 


Protease' 


0.02 


0.05 


Amylase^ 


0.005 0.002 


Fillers (e.g., silicates; carbonates; perftimes; water) 


Up to 100 Up to 100 
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. Conip3Ct Qrmn^T Fa h rkTleaninp Compo.ifinp 

ComponpT^tS 
Alkyl Sulphate 
Alkyl Ethoxy Sulphate 

Mixture of C25 and C45 alcohol 3 and 7 times ethoxylated 

Polyhydroxy fatty acid amide 

Zeolite 

Layered silicate/citrate 
Carbonate 

Maleic acid acrylic acid copolymer 
Soil release polymer 
Carboxymethyl cellulose 
Poly (4-vinylpyridine) -N-oxide 

Copolymer of vinylimidazole and vinylpyrrolidone 

PEG2000 

Protease^ 

Lipase 

Ceilulase 

Amylase^ 

Tetracetylethylene diamine 
Percarbonate 

Ethylene diamine disuccinic acid 
Suds suppressor 

Disodiuin-4.4'-bis (2-inoipholino -4-anilino-s-triazin-6- 

yiamino)stilbene-2,2'-disulphonate 
Disodium-4.4'-bis (2-sulfostyril) biphenyl 
Water, Perfiime and Minors 



Weipht «/n 
8.0 
2.0 
6.0 
2.5 
17.0 
16.0 
7.0 
5.0 
0.4 
0.4 
O.I 
0.1 
0.2 
0.03 
0.2 
0.2 
0.005 
6.0 
22.0 
0.3 
3.5 
0.25 



0.05 
Up to 100 
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Example 20 
Granular F^Kjp,v r^lf p ping Compositj np 

Weight % 

Linear alkyl benzene sulphonate y g 

^ 1 6'C 1 8 ^'kyl sulfate ^ ^ 

C 14- 1 5 alcohol 7 times ethoxylated ^ ^ 

Coco-alkyl-dimethyl hydroxyethyl ammonium chloride i ^4 

Dispersant 

Silicone fluid ^ ^ 

Trisodium citrate ^ ^ 

Zeolite 4A ^ 
Maleic acid acrylic acid copolymer 4 q 

Diethyiene triamine penta methylene phosphonic acid q 4 

Perborate 

Tetraacetylethylene diamine 
Smectite clay 

Poly (oxy ethylene) (MW 300,000) q3 
Protease^ 
Lipase 

Amylase^ ^ ^ 

Cellulase 
Sodium silicate 
Sodium carbonate 

Carboxymethyl cellulose q 2 

Brighteners ^ 2 

Water, perfume and minors Up j qq 



15.0 
5.0 
10.0 



0.02 
0.2 



0.2 
3.0 
10.0 
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Exainpl^. 2 1 
granular Fabric riea aine Composition 

ComponfpT 

Linear alkyl benzene sulfonate 

Tallow alkyl sulfate 

C]4-i5 alcohol 7 times ethoxylated 

Cl2-15 alkyl ethoxy sulfate - 3 times ethoxylated 

Zeolite 

Citrate 

Carbonate 

Silicate 

Maleic acid acrylic acid copolymer 

Carboxymethyl cellulase 

Soil release polymer 

Protease' 

Lipase 

Cellulase 

Amylase^ 

Perborate tetrahydrate 

Perborate monohydrate 

Tetraacetylethylene diamine 

Diethylene tramine penta methyl phosphonic acid 

Magnesium sulfate 

Brightener 

Perfume, silicone, suds suppressors 
Minors 



Weiphf 04 
6.92 
2.05 
4.4 
0.16 
20.2 
5.5 
15.4 
3.0 
4.0 
0.31 
0.30 
0.1 
0.36 
0.13 
0.005 
11.64 
8.7 
5.0 
0.38 
0.40 
0.19 
0.85 
Up to 100 
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Sulfate 

DC-MOODeaerant 0.02 

Moisture 3 y-j 

Minors 0 3 ] 



Cellulase 0 33 

Protease* 



Amylase^ 0.002 

AE-FIake 0.40 
Liquid Spray-on 

Perfume 0 42 
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Example 22 
Qr^nular Fabric ri^^pjpg Compo5;ltin|^ 

Cornponent ^ 
Base Granule Components 

LAS/AS/AES (65/35) 9 95 

LAS/AS/AES (70/30) . J2.05 7.70 

Alumino silicate 14 06 15 74 j^'j^ 

Sodium carbonate 1 , 74 j^*^^ 

Sodium silicate 0 ca ^ 

^•^S 0.58 0.58 

NaPAA Solids 2.26 2.26 i 47 

^^^^^'^^^ 1-01 1.12 0 66 

Bnghteners 0.17 0.17 Oil 
DTPA 



0.70 

5.46 6.64 4.25 

0.02 0.02 

3.98 4.33 

0.49 0.3 1 
B.O.T, Spray-on 

Nonionic surfactant 0.50 0.50 0.50 
Agglomerate Components 

LAS/AS (25/75) i,.70 9.6O ,0.47 

Alumino silicate 13 73 jj ^g ,2 28 

^'^^^^'^ 8.11 6.66 7.26 

0.59 0.48 0.52 
Moisture/Minors 4,88 ^ 

Functional Additives 

Sodium carbonate 7 37 ^ ^ 

1.03 1.03 2.56 
AC Base Coating . j qq 

NOBS 

2.40 

Soil release polymer 0.41 0.41 0.31 



0.33 0.24 

0.1 0.05 0.15 

0.005 0.04 

0.40 0.29 



0.42 0.42 
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1.00 



1.00 
Up to 100 



0.50 



Exampifi 9^ 
Granular Fahric cie^nin p r pmpo^itj ^y^ 
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0.34 


0.18 


r: r3CA««lCU}yiCllC- : : x 


1.00 


1.00 














diquatemiz^d With 




















U.03 


0.03 


\ /o pure enzyrncji 








0.26 


0.26 




0.65 


0.73 


■ ■— T^lT^-fl^Sf* ' 


0.27 


0.15 


Bleach 






-TAED(100%) 


3.85 


3.50 






2.75 










16.20 


18.30 






0.48 






0.30 








^ mguxcpanicic 




2.20 + bicarb 




0.077/0.014 


0.07/0.014 




V/. vv/^U 


U.0026 












0.24 






1.00 




0.45 


0.55 




100 


100 
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Granular Fabric r kmin^ Compositinn 



— A 


B 


Surfactant | 


% 


% 


NaLAS 
KLAS 
FAS 
AS 

C25AE3S 
AE5 

N-Cocoyl-N-Methyl Glucamine 


6.8 

0.9 
0.6 
0.1 
4.2 


0.4 
10.9 
0.1 
1.5 

1.8 
1.2 
1.0 


Genagen 

Cg. 1 0 dimethyl hydroxyethyl 
ammonium chloride 


- 


Builder | 






SKS-6 
Zeolite 
Citric Acid 


3.3 
17.2 
1.5 


9.0 
18.9 
- 


Buffer 






Carbonate 

Sodium Bicarbonate 


21.1 


15.0 
2.6 
5.5 
2.9 

— 


Sulphate 
Malic Acid 


15.2 


Silicate 


0.1 


Polymer 1 






Acrylic acid/maleic acid copolymer 
(Na) 


2.2 


0.9 


Hexamethylene-diamine tetra-E24 
ethoxylate, diquatemized with 


U.J 


0.7 


methyl chloride 






Polymer 
CMC 


0.1 
0.2 


0.1 
0.1 


Enzymes 1 






Protease' (% pure enzyme) 
Lipase 


0.02 
0.18 


0.05 
0.14 
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Amylase^ 


0.64 


0.73 


Cellulase 


0 13 


0.26 


Bleach 






TAED 


Z.Z 


2.5 


Phenolsulfonate ester of N-nnnanrM/i 




1.96 


6-aminocaproic acid 






Sodium Percarbonate 




13.1 


PB4 


1 D.O 


- 


EDDS 


0.17 


0.21 


MgS04 




0.47 


HEDP 


n 1 ^ 
U.J J 


0.34 


IVliscellaneotis 






Briffhtener 


0.06 


0.04 


- Zinc ohthalocvanine sulfonate 


(\ f\f\ 1 c 

0.001 5 


0.0020 


- Polydimethylsiloxane with 


U.U4 


0.14 


trimethylsilyl end blocking units 






Soap 


0.5 


0.7 


Perfume 


0.35 


0.45 


Speckle 


0.5 


0.6 



Examples 2^; 

Granular laundry detergent compositions 25 A-C are of particular utility under 
European machine wash conditions and are prepared in accordance with the invention: 



Componeot 


A 


B 


C 


LAS 


7.0 


5.61 


4.76 


TAS 






1.57 


C45AS 


6.0 


2.24 


3.89 


C25E3S 


1.0 


0.76 


1.18 


C45E7 






2.0 


C25E3 


4.0 


5.5 
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Brightener 1 


0.08 


0.19 


0.19 


Brightener 2 




0.04 


0.04 


Perfume 


0.3 


0.3 


0.3 


Effervescent granule?? rmalir ariH 
sodium carbonate 20%) 


15 


15 


5 


Silicone antifoam 


0.5 


2.4 


2.4 


Minors/inerts to 1 00% 









Example 26 

The following fomiulations are examples of compositions in accordance with the 
invention, which may be in the form of granules or in the form of a tablet. 



Component 


26 


Base Product 




C45 AS/TAS 


3.0 


LAS 


8.0 


C25AE3S 


1.0 


NaSKS-6 


9.0 


C25AE5/AE3 


5.0 


Zeolite A 


10.0 


SKS-6(I)(dryadd) 


2.0 


MA/AA 


2.0 


Citric acid 


1.5 


HDDS 


0.5 


HEDP 


0.2 


FBI 


10.0 


NACA OBS 


2.0 


TAED 


2.0 


Carbonate 


8.0 


Sulphate 


2.0 


Amylase^ 


0.3 


Lipase 


0.2 


Protease' 


0.02 


Minors (Brightener/SRPl/ 
CMC/Photobleach/ MgS04/ 
PVPVI/Suds suppressor/ 
PEG) 


0.5 
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Perfume 



0.5 



Example 71 

The following granular laundry detergent compositions 27 A-E are of particular 
utility under Japanese machine wash conditions and are prepared in accord with the 
invention: 



Component 


A 


B 


c 


D 


r 


LAS 


23.57 


23.57 


21.67 


21.68 


21.68 


FAS 


4.16 


4.16 


3.83 


3.83 


3.83 


Nonionic surfactant 


3.30 


3.30 


2.94 


3.27 


3.27 


Bis (hydroxyethyl) methyl alkyl 
ammonium chloride 


0.47 


0.47 


1.20 


1.20 


1.20 


SKS-6 


7.50 


7.50 


5.17 


5.76 


5.06 


Polyacrylate copolymer (MW 
1 1000) (maleic/acrylate ratio of 
4:6) 


7.03 


7.03 


14.36 


14.36 


14.36 


Zeolite 


11.90 


11.40 


10.69 


11.34 


11.34 


Carbonate 


14.90 


14.82 


11.71 


11.18 


11.18 


Silicate 


12.00 


12.00 


12.37 


12.38 


12.38 


Protease' 


0.016 


0.016 


0.046 


0.046 


0.046 


Lipase 






0.28 






Amylase^ 






0.62 






Cellulase 






0.48 




0.70 


NOBS 


3.75 


3.75 


2.70 


2.70 


2.10 


FBI 


3.53 




2.60 
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4 ^1 

H.^ 1 




i.lo 


J>. 1 o 


SRP 




I/. 


n 7ft 
u, /u 


ft 7ft 


ft 7ft 
U. /U 




UO 1 


0 1 


U.Zo 


ft 


ft ^ft 




U. 1 / 


0 70 

KJmAKJ 


ft 1 7 
U.J / 


U.I / 


AIT 
U. 1 / 


Pr\l\/r1ifTi**tlT\/lci Invsin** 






ft Aft 


U.t>o 


U.oc$ 


X CI iUIIlC 


U.UD 




ft ftft 
U.U6 






1 CI 1 UIIIC 








ft I'X 


ft 


Hydrophobic precipitated silica 


0.30 


0.30 


0.30 


0.30 


0.30 


PEG4000 


0.19 


0.19 


0.17 


0.17 


0,17 


Minors/inerts to 1 00% 













l^iquid Fabric Cleaning CQPTpPSitions 



Liquid fabric cleaning compositions of the present invention preferably comprise 
an effective amount of one or more protease enzymes, preferably from about 0.0001% to 
about 10%, more preferably from about 0.001% to about 1%, and most preferably from 
about 0.001% to about 0.1% by weight of active protease enzyme of the composition. (See 
U.S. Patent No. 5,679,630 Examples). 



Component 



Example 28 
Liquid Fa bric Cleaning Compositions 

Example No. 



Protease' 


0.05 


0.03 


0.30 


0.03 


0.10 


Protease^ 








0.1 


0.20 


Amylase^ 












Ci2- C]4 alkyl sulfate, Na 


20.00 


20.00 


20.00 


20.00 


20.00 


2-Butyl octanoic acid 


5.00 


5.00 


5.00 


5.00 


5.00 


Sodium citrate 


1.00 


1.00 


1.00 


1.00 


1.00 


Cjo alcohol ethoxylate (3) 


13.00 


13.00 


13.00 


13.00 


13.00 


Monethanolamine 


2.50 


2.50 


2.50 


2.50 


2.50 


Wster/propylene glypol/ethano) (1Q0:J 


;n 




halanceto 100% 
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^ Protease other than the Protease* including but not limited to the additional proteases 
useful in the present invention described herein. 

In Examples 28 D and E, any combination of the protease enzymes useful in the 
present invention recited herein, among others, are substituted for Protease^ and Protease^ 
with substantially similar results. 



Liquid Fabric Cleaning Compo.<;itiong 

Example No 

■ConipQngint ^ ^ 

^12-14 a"^^nyl succinic acid 3 0 

Citric acid monohydrate ^ q q ^ ^ ^ 

Sodium C 1 2- 1 5 alky] sulphate g 0 go 

Sodium sulfate of Ci2-] 5 alcohol 2 times ethoxylated . 3 q 

C 1 2- 1 5 alcohol 7 times ethoxylated . g 0 

C12-15 alcohol 5 times ethoxylated g 0 

Diethylene triamine penta (methylene phosphonic acid) 0.2 

Oleic acid j g 

Ethanol 40 

Propanediol 2 0 2 0 

0.01 0.02 

^^y^^^^" 0.005 0.002 

Polyvinyl pyrrolidone 10 2 0 

Suds suppressor 0 1^ 015 
NaOH 
Perborate 

Phenol sulphonate 0 ] 0 2 

Peroxidase 0 4 0 1 
Waters and minors up to 100% 



up to pH 7.5 
0.5 ] 



JSDOCID: <WO 9920723A2_I_> 



wo 99/20723 



PCT/US98/22486 



131 

Example 30 
TJquid ff]\^rk '"IPTining Compnsitinne 

Componftni 

NaLAS(100%am) 
Neodol 
Citrate 
EDDS 
Dispersant 
Perborate 

Phenolsulfonate ester of N.nonanoyI-6-aminocaproic acid 
Protease' (% pure enzyme) 
Amylase' 
Carezyme 
Solvent (BPP) 
Polymer 
Carbonate 
FWA 15 

PEG 8000 
Perfume 
Suds suppressor 
Waters and minors 

Examples ^ } 
Liquid Fahrir ripni^ jne Compngit i^n.^ 



Examplft No 

2S 
16 
21.5 
6.8 
1.2 
1.3 
12 
6 

0.03 
0.40 
0.03 
18.5 
0.1 
10 
0.2 
0.5 
0.4 

1.0-1.2 
0.06 
up to 100% 



Component 

DlHjO 

MEA 

NaOH 

Pdioi 

Citric acid 



Example Nn 



38.63 

0.48 

4.40 

4.00 

2.50 



9.0 
1.0 
1 0.0 
2.0 
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DTPA 

FWA Premix (Br 15/MEA/Nl 23-9) 

NaC25AE1.80S 

AE3S (H) 

C11.8HLAS 

Neodol 

EtOH 

Ca*Formate 

Borax premix (Borax/MEA/Pdiol/CitricAcid) 

CIO APA 

TEPA 105 

FAC12-18 

Neptune LC 

Dye 

Celluiase 
Amylase^ 
Protease' 
DC 2-3597 
Rapeseed FA 
Waters and minors 



0.50 
0.15 
23.50 

3.00 

2.00 

0.50 

0.10 

2.50 

1.50 

1.20 

5.00 

0.50 

0.0040 

0.053 

0.15 

0.1 

0.12 

6.50 

up to 100 % 



1.0 
0.15 

4.0 

14.0 

6.0 

2.0 

0.1 



0.0015 

0.2 

0.2 

0.1 

0.2 

4.0 



Example 37 
Liquid Fabric Cleanitip Compnsitmn 



Componeiit 

NaOH 

Pdiol 

Citric acid 
DTPA 

FWA Premix (Br 15/MEA/Nl 23-9) 

AE3S (H) 

LAS (H) 

Neodol 

EtOH 

Ca*Fonnate 
Boric acid 
Clay 



20 

5.50 

6.90 

1.50 

1.50 

0.15 

2.50 

13.0 

2.00 

3.50 

0.10 

1.00 

4.00 
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Amylase^ 0.15 
Protease^ 0.02 
Fatty Acid 16.50 

Waters and minors up to 1 00 % 



Example 34 
Liquid Fabric Cleaning Composition 
The following liquid fabric cleaning composition of particular utility under 
V Japanese machine wash conditions is prepared in accordance with the invention: 



Component 


34 


AE2.5S 


15.00 


AS 


5.50 


N-Cocoyl N-methyl glucamine 


5.00 


Nonionic surfactant 


4.50 


Citric acid 


3.00 


Fatty acid 


5.00 


Base 


0.97 


Monoethanoiam ine 


5.10 


1,2-Propanediol 


7.44 


EtOH 


5.50 


HXS 


1.90 


Boric acid 


3.50 


Ethoxylated tetraethylene- 
pentaimine 


3.00 


SRP 


0.30 
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Protease* 


0.069 


Amylase^ 


0.06 


Cellulase 


0.08 


Lipase 


0.18 


Brightener 


0.10 


Minors/inerts to 100% 





Example -^S 
Liquid FahriV Cl^^ni np rnmp^gftj r>n 
The following liquid fabric cleaning composition of particular utility under 
Japanese machine wash conditions and for fine fabrics is prepared in accordance with the 



invention: 



Component 


35 


AE2.5S 


2.16 


AS 


3.30 


N-Cocoyl N-methyl glucamine 


1.10 


Nonionic surfactant 


10.00 


Citric acid 


0.40 


Fatty acid 


0.70 


Base 


0.85 


Monoethanolam ine 


1.01 


1,2-Propanediol 


1.92 


EtOH 


0.24 


HXS 


2.09 
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Protease' 


0.01 


Amylase^ 


0.06 


Minors/inerts to 100% 




BarPabric Cleanine Composition.; 



Bar fabric cleaning compositions of the present invention suitable for handwashing 
soiled fabrics typically contain an effective amount of one or more protease enzymes, 
preferably from about 0.001% to about 10%, more preferably from about 0.01% to about 
1% by weight active protease enzyme of the composition. (See U.S. Patent No. 5,679,630 
Examples). 



Example 36 
Bar Fabric Cleaning C ompn<;itin^ ,^ 

Example No. 



Component 


A 


B 


c 


D 


Protease' 


0.3 




0.1 


0.02 


Protease^ 






0.4 


0.1 


Amylase' 


0.01 


0.02 


0.002 


0.005 


^1 2-^1 6 3"^y' sulfate, Na 


20.0 


20.0 


20.0 


20.00 


^I2"Ci4N-methyl glucamide 


5.0 


5.0 


5.0 


5.00 


Cj ]-Ci3 alkyl benzene sulfonate, Na 


10.0 


10.0 


10.0 


10.00 


Sodium carbonate 


25.0 


25.0 


25.0 


25.00 


Sodium tripolyphosphate 


7.0 


7.0 


7.0 


7.00 


Zeolite A (0.1 -.10^1) 


5.0 


5.0 


5.0 


5.00 


Carboxymethylcellulose 


0.2 


0.2 


0.2 


0.20 


Polyacrylate (MW 1400) 


0.2 


0.2 


0.2 


0.20 


Coconut monethanolamide 


5.0 


5.0 


5.0 


5.00 


Brightener, perfume 


0.2 


0.2 


0.2 


0.20 


CaS04 


1.0 


1.0 


1.0 


1.00 


MgS04 


1.0 


1.0 


1.0 


1.00 


Water 


4.0 


4.0 


4.0 


4.00 


Filler* 




halancfi 


to 100% 




*Can be selected from convenient materials such 


as CaC03, talc, clay. 


silicates. 


and the 



like. 

^ Protease other than the Protease' including but not limited to the additional proteases 
useiiil in the present invention described herein. 
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In Examples 36 C and D any combination of the protease enzymes useful in the 
present invention recited herein, among others, are substituted for Protease^ and Protease^ 
with substantially similar results. 

While particular embodiments of the subject invention have been described, it will 
be obvious to those skilled in the art that various changes and modifications of the subject 
invention can be made without departing from the spirit and scope of the invention. It is 
intended to cover, in the appended claims, all such modifications that are within the scope 
of the invention. 

The compositions of the present invention can be suitably prepared by any process 
chosen by the formulator, non-limiting examples of which are described in U.S. 5,691,297 
Nassano et al., issued November 1 1, 1997; U.S. 5,574,005 Welch et al., issued November 
12, 1996; U.S. 5,569,645 Dinniwell et al., issued October 29, 1996; U.S. 5,565,422 Del 
Greco et al., issued October 15, 1996; U.S. 5,516,448 Capeci et al., issued May 14, 1996; 
U.S. 5,489,392 Capeci et al., issued February 6, 1996; U.S. 5,486,303 Capeci et al., issued 
January 23, 1996 all of which are incorporated herein by reference. 

In addition to the above examples, the cleaning compositions of the present 
invention can be formulated into any suitable laundry detergent composition, non-limiting 
examples of which are described in U.S. 5,679,630 Baeck et al., issued October 21, 1997; 
U.S. 5,565,145 Watson et al., issued October 15, 1996; U.S. 5,478,489 Fredj et al., issued 
December 26, 1995; U.S. 5,470,507 Fredj et al., issued November 28, 1995; U.S. 5,466,802 
Panandiker et al., issued November 14, 1995; U.S. 5,460,752 Fredj et a!., issued October 
24, 1995; U.S. 5,458,810 Fredj et al., issued October 17, 1995; U.S. 5,458,809 Fredj et al., 
issued October 17, 1995; U.S. 5,288,431 Huber et al., issued February 22, 1994 all of which 
are incorporated herein by reference. 

Having described the invention in detail with reference to preferred embodiments and 
the examples, it will be clear to those skilled in the art that various changes and 
modifications may be made without departing from the scope of the invention and the 
invention is not to be considered limited to what is described in the specification. 
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WHAT IS CLAIMED IS: 

1 . A fabric and/or dishwashing and/or hard surface cleaning composition comprising: 

(a) an effective amount of a protease variant wherein said protease variant includes 
a substitution of an amino acid residue with another naturally occurring amino acid residue 
at an amino acid residue position corresponding to position 103 of Bacillus 
amyloliquefaciens subtilisin in combination with a substitution of an amino acid residue 
with another naturally occurring amino acid residue at one or more amino acid residue 
positions corresponding to positions 1, 3, 4, 8, 9, 10, 12, 13, 16, 17, 18, 19, 20, 21, 22, 24, 
27, 33, 37, 38, 42, 43, 48, 55, 57, 58, 61, 62, 68, 72, 75, 76, 77, 78, 79, 86, 87, 89, 97, 98, 
99, 101, 102, 104, 106, 107, 109, 111, 1 14, 1 16, 1 17, 1 19, 121, 123, 126, 128, 130, 131, 
133, 134, 137, 140, 141, 142, 146, 147, 158, 159, 160, 166, 167, 170, 173, 174, 177, 181, 
182, 183, 184, 185, 188, 192, 194, 198, 203,204, 205, 206, 209,210,211,212,213,214, 
215, 216, 217, 218, 222, 224, 227, 228, 230, 232, 236, 237, 238, 240, 242, 243, 244, 245, 
246, 247, 248, 249, 251, 252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263, 265, 
268, 269, 270, 271, 272, 274 and 275 of Bacillus amyloliquefaciens subtilisin; wherein 
when said protease variant includes a substitution of amino acid residues at positions 
corresponding to positions 103 and 76, there is also a substitution of an amino acid residue 
at one or more amino acid residue positions other than amino acid residue positions 
corresponding to positions 27, 99, 101, 104, 107, 109, 123, 128, 166,204,206,210,216, 
217, 21 8, 222, 260, 265 or 274 of Bacillus amyloliquefaciens subtilisin; 

(b) an amylase variant wherein said amylase variant is selected from the group 
consisting of: 

(i) a-amylase characterized by having a specific activity at least 25% 
higher than the specific activity of Termamyl® at a temperature range of 25°C to 55^C and 
at a pH value in the range of 8 to 1 0, measured by Phadebas® a-amylase activity assay 
and/or; 

(ii) a-amylase according to (i) comprising the amino acid sequence shown 
in SEQ ID No. 1 or an a-amylase being at least 80% homologous with the amino acid 
sequence shown in SEQ ID No. 1 and/or; 

(iii) a-amylase according to (i) comprising the amino acid sequence shown 
in SEQ ID No. 2 or an a-amylase being at least 80% homologous with the amino acid 
sequence shown in SEQ ID No. 2 and/or; 

(iv) a-amylase according to (i) comprising the following amino acid 
sequence N-terminal: His-His-Asn-Gly-Thr-Asn-Gly-Thr-Met-Met-Gln-Tyr-Phe-Glu-Trp- 
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Tyr-Leu-Pro-Asn-Asp (SEQ ID No. 3) or an a-amylase being at least SQo/o homologous 
with the amino acid sequence shown (SEQ ID No. 3) in the N-terminal and/or; 

(V) a-amylase according to (i-iv) wherein the a-amylase is obtainable 
from an alkalophilic Bacillus species and/or; 

(vi) a-amylase according to (v) wherein the amylase is obtainable from any 
of the strains NCIB 12289, NCIB 12512, NCIB 12513 and DSM 935 and/or; 

(vii) a-amylase showing positive immunological cross-reactivity with 
antibodies raised against an a-amylase having an amino acid sequence coiresponding 
respectively to SEQ ID No. 1, ID No. 2, or ID No. 3 and/or; 

(viii) variant of a parent a-amylase, wherein the parent a-amylase ( 1 ) has 
one of the amino acid sequences shown in SEQ ID No. 1, ID No. 2. or ID No 4 
respectively, or (2) displays at least 80% homology with one or more of said amino acid 
sequences, and/or displays immunological cross-reactivity with an antibody raised against 
an a-amylase having one of said amino acid sequences, and/or is encoded by a DNA 
sequence which hybridizes with the same probe as a DNA sequence encoding an a- 
amylase having one of said amino acid sequences, in which variams: (A) at least one 
amino acid residue of said parent a-amylase has been deleted; and/or (B) at least one 
amino acid residue of said parent a-amylase has been replaced by a different amino acid 
residue; and/or (C) at least one amino acid residue has been inserted relative to said parent 
a-amylase; said variant having an a-amylase activity and exhibiting at least one of the 
following properties relative to said parent a-amylase: increased thermostability; 
increased stability towards oxidation; reduced Ca ion dependency; increased stability 
and/or a-amylolytic activity at neutral to relatively high pH values; increased a-amylolytic 
activity at relatively high temperature; and increase or decrease of the isoelectric point (pl) 
so as to better match the pi value for a-amylase variant to the pH of the medium; and 

(c) one or more cleaning adjunct materials. 

2. The cleaning composition according to Claim 1 wherein said protease variant is 
derived from a BaciUm subtilisin, preferably Bacillus lentus subtilisin or subtilisin 309. 

3 . The cleaning composition according to Claim 1 wherein said protease variant 
includes substitutions of the amino acid residues at position 103 and at one or more of the 
following positions 236 and 245, preferably at positions 1 03 and 236 and at one or more of 
the following positions 12, 61, 62, 68, 76, 97, 98, 101, 102, 104, 109, 130, 131, 159 183 
185, 205, 209, 210, 211, 212, 213, 215, 217, 230, 232, 248, 252, 257, 260, 27o'and ^75 or 
at positions 103 and 245 and at one or more of the following positions 12, 61, 62, 68, 76, 
97,98, 101, 102, 104, 109, 130, 131, 159, 170, 183, 185, 205, 209, 210, 21 1. 212,213, 215. 
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217, 222, 230, 232, 248, 252, 257, 260, 261, 270 and 275, more preferably at positions 103, 
236 and 245 and at one or more of the following positions 12, 61, 62, 68, 76, 97, 98, 101, 
102, 104. 109, 130, 131, 159, 183, 185,205,209,210,211,212,213,215,217, 230, 232, 
248, 252, 257, 260, 270 and 275. 

4. The cleaning composition according to Claim 1 wherein said protease variant 
includes a substitution set selected from the group consisting of: 

1 2/102/1 03/1 04/1 59/212/232/236/245/248/252; 12/76/1 03/1 04/1 30/1 70/1 85/222/243/245; 
12/76/1 03/104/1 30/222/245/261; 12/76/1 03/1 04/222/245; 

1 2/76/ 1 03/1 04/ 1 3 0/222/245 ; 

6 1/68/1 03/1 04/1 59/232/236/245/248/252; 62/1 03/1 04/1 59/2 13/232/236/245/248/252; 
62/103/104/109/159/213/232/236/245/248/252; 62/103/104/159/232/236/245/248/252; 
62/ 1 0 1 / 1 03/ 1 04/ 159/21 2/2 1 3/232/236/245/248/252; 
62/103/104/130/159/213/232/236/245/248/252; 
68/1 03/1 04/1 59/232/236/245/248/252/270; 

68/103/104/159/185/232/236/245/248/252; 68/103/104/159/210/232/236/245/248/252; 
68/103/104/159/185/210/232/236/245/248/252; 68/103/104/159/213/232/236/245/248/252; 



68/1 03/1 04/1 59/230/232/236/245; 
68/103/104/232/236/245/248/257/275; 
68/103/104/159/232/236/245/248/252; 
68/76/103/104/159/236; 
68/76/1 03/1 04/1 59/232/236/245; 
68/1 03/1 04/1 59/232/236/245; 
68/76/ 1 03/1 04/ 1 59/2 1 1/232/236/245 ; 
68/1 03/1 04/1 59/2 1 0/232/236/245; 
68/76/1 03/1 04/1 59/213/232/236/245/260; 
68/76/1 03/1 04/1 59/2 1 0/232/236/245/260; 
68/1 03/1 04/1 59/1 83/232/236/245/248/252; 
68/1 03/1 04/232/236/245/257/275; 
76/103/222/245; 

76/1 03/1 04/1 59/2 1 3/232/236/245/260; 
76/1 03/1 04/13 1/1 59/232/236/245/248/252; 



68/76/1 03/1 04/1 59/209/232/236/245; 
68/1 03/1 04/2 1 3/232/236/245/248/252; 
68/1 03/1 04/1 59/209/232/236/245; 
68/76/1 03/104/1 59/236/245; 
68/1 03/1 04/1 59/232/236/245/252; 
68/1 03/1 04/1 59/232/236/245/257; 
68/76/1 03/1 04/1 59/21 5/232/236/245; 
68/1 03/104/1 59/213/232/236/245/260; 
68/103/104/159/236; 
68/103/104/159/236/245; 
68/76/1 03/1 04/1 59/236/245; 
68/1 03/1 04/1 59/21 3/232/236/245; 
76/1 03/104/1 59/232/236/245; 
76/103/104/159; 
76/103/104/222/245; 



97/1 03/1 04/1 59/232/236/245/248/252; 

98/1 02/1 03/1 04/1 59/2 12/232/236/245/248/252; 98/1 03/1 04/1 59/232/236/245/248/252; 
1 0 1/1 03/1 04/1 59/232/236/245/248/252; 1 02/1 03/1 04/1 59/232/236/245/248/252; 

1 03/1 04/1 59/232/236/245; 1 03/1 04/1 59/232/236/245/248/252; 

1 03/1 04/1 59/205/209/232/236/245/257 1 03/1 04/1 59/232/245/248/252; 
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103/104/159/205/209/210/232/236/245/257; 103/104/159/213/232/236/245/248/252; 



5. The cleaning composition according to Claim 4 wherein said protease variant 
includes a substitution set selected from the group consisting of: 

1 2R/76D/ 1 03 A/ 1 04 T/ 1 3 0T/222S/245R; 
1 2R/76D/1 03 A/1 041/222 S/245R; 

12R/102A/103A/104I/159D/212G/232V/236H/245R/248D/252K; 
1 2R/76D/ 1 03 A/ 1 04T/1 30G/222S/245R/26 1 D; 
1 2R/76D/ 1 03 A/ 1 04T/ 1 30G/1 70S/ 1 85D/222S/243D/245R; 
61E/68A/103A/104I/159D/232V/236H/245R/248D/252K; 
62D/1 03 A/1 041/1 09R/1 59D/2 1 3R/232V/236H/245R/248D/252K; 
62D/1 03 A/1 041/1 59D/2 1 3R/232V/236H/245R/248D/252K; 
62D/1 03 A/1 041/1 59D/232V/236H/245R/248D/252K; 
62D/1 03A/1 041/1 30G/1 59D/2 1 3R/232V/236H/245R/248D/252K; 
62D/1 01 G/1 03A/104I/1 59D/2 12G/2 1 3R/232V/236H/245R/248D/252K; 
68A/76D/1 03A/1 041/1 59D/2 1 3R/232V/236H/245R/260A; 
68A/1 03A/1 041/1 59D/236H; 
68A/103A/1041/1 59D/236H/245R; 
68A/76D/1 03 A/1 041/1 59D/2 1 0I/232V/236H/245R/260A; 
68A/1 03 A/1 041/1 59D/1 83D/232V/236H/245R/248D/252K; 
68A/103A/104yi59D/209W/232V/236H/245R; 
68A/76D/1 03 A/1 041/1 59D/2 1 1 R/232V/236H/245R; 
68A/76D/1 03 A/1 041/1 59D/2 1 5R/232V/236H/245R; 
68A/1 03 A/1 041/1 59D/2 1 3R/232V/236H/245R/260A; 
68A/76D/1 03 A/1 041/1 59D/236H; 
68A/76D/1 03 A/1 041/1 59D/236H/245R; 
68A/76D/1 03 A/1 041/1 59D/232V/236H/245R; 
68A/1 03 A/1 041/1 59D/232V/236H/245R/252K; 

68A/103 A/1 041/1 59D/232V/236H/245R; 
68A/103A/104I/159D/232V/236H/245R/257V; 
68A/1 03 A/1 041/1 59D/1 85D/232V/236H/245R/248D/252K; 
68A/1 03 A/1 041/ 1 59D/2 1 0L/232V/236H/245R/248D/252K; 
68A/1 03 A/1 041/1 59D/1 85D/2 1 0L/232V/236H/245R/248D/252K; 



1 03/1 04/1 59/2 1 7/232/236/245/248/252; 

1 03/1 04/1 59/230/236/245; 

1 03/1 04/1 59/248/252/270; 

1 03/1 04/1 59/205/209/232/236/245; and 



1 03/1 04/130/1 59/232/236/245/248/252; 

103/104/159/236/245; 

1 03/1 04/1 3 1/1 59/232/236/245/248/252; 

1 03/1 04/1 59/232/236/245/257. 
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68A/103A/104I/159D/213E/232V/236H/245R/248D/252K; 
68A/1 03A/1 041/1 59D/230V/232V/236H/245R; 
68A/76D/1 03 A/1 041/1 59D/209W/232V/236H/245R; 
68A/1 03A/1 04I/232V/236H/245R/248D/257V/275H; 

68A/1 03A/1 04I/232V/236H/245R/257V/275H; 
68A/1 03 A/1 041/2 13E/232V/236H/245R/248D/252K; 
68A/1 03 A/1 041/1 59D/232 V/236H/245R/248D/252K; 
68A/1 03 A/1 041/1 59D/2 1 01/232V/236H/245R; 
68A/1 03A/1 041/1 59D/210L/232V/236H/245R; 
68A/1 03A/1 041/1 59D/213G/232V/236H/245R; 
68A/1 03A/1 041/1 59D/232V/236H/245R/248D/252K/270A; 
76D/103A/222S/245R; 
76D/1 03 A/1 041/1 59D/232V/236H/245R; 
76D/103A/104I/159D; 
76D/1 03 A/1 04I/222S/245R; 
76D/1 03A/1 041/1 3 1 V/1 59D/232V/236H/245Ry248D/252K; 
76D/1 03 A/1 041/1 59D/2 1 3R/232V/236H/245R/260A; 
97E/1 03 A/1 041/1 59D/232V/236H/245R/248D/252K; 
98L/1 03A/1 041/1 59D/232V/236H/245R/248D/252K; 
98L/1 02A/1 03 A/1 041/1 59D/2 1 2G/232V/236H/245R/248D/252K; 
1 0 1 G/1 03 A/1 041/1 59D/232V/236H/245R/248D/252K; 
1 02A/1 03 A/1 041/1 59D/232V/236H/245R/248D/252K; 

1 03A/1 041/1 59D/232V/236H/245R/248D/252K; 
1 03 A/1 041/1 59D/2 1 3R/232V/236H/245R/248D/252K; 
1 03 A/1 041/1 30G/1 59D/232V/236H/245R/248D/252K; 

1 03A/1 041/1 59D/230V/236H/245R; 
1 03 A/1 041/1 59D/2 1 7E/232V/236H/245R/248D/252K; 
1 03 A/1 041/1 59D/236H/245R; 
1 03A/1 041/1 59D/248D/252K/270V; 
1 03 A/1 041/1 59D/232V/236H/245R; 
1 03A/1 041/1 59D/205I/209W/232V/236H/245R; 
1 03A/104I/1 59D/232V/236H/245R/257V; 
1 03 A/1 041/1 59D/205I/209W/232V/236H/245R/257V; 
103A/1 041/13 1V/159D/232V/236H/245R/248D/252K; 
103A/104I/159D/205I/209W/210I/232V/236H/245R/257V;and 
1 03 A/1 041/1 59D/232V/245R/248D/252K. 
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6. The cleaning composition according to Claim 1 wherein said cleaning adjunct 
materials are selected from the group consisting of surfactants, solvents, buffers, enzymes, 
soil release agents, clay soil removal agents, dispersing agents, brighteners, suds 
suppressors, fabric softeners, suds boosters, enzyme stabilizers, builders, other bleaching 
agents, dyes, perfumes, chelants and mixtures thereof. 



7. The cleaning composition according to Claim 6 wherein said cleaning adjunct 
materials comprise at least one detersive surfactant, preferably a branched surfactant, more 
preferably a mid-chained branched surfactant. 



8. The cleaning composition according to Claim 7 wherein the cleaning adjunct 
materials comprise at least about 0.1% surfactant by weight of the composition, said 
surfactant comprising materials selected from the group consisting of alkyl benzene 
sulfonates, primary alkyl sulfates, secondary alkyl sulfates, alkyl alkoxy sulfates, alkyl 
alkoxy carboxylates, alkyl polyglycosides and their corresponding sulfated polyglycoside: 
alpha-sulfonated fatty acid esters, alkyl and alkyl phenol alkoxylates, betaines and 
sulfobetaines, amine oxides, N-methyl glucamides, nonionic primary alcohol ethoxylates, 
nonionic primary alcohol mixed ethoxy/propoxy, and mixtures thereof. 

9. The cleaning composition according to Claim 8 further comprising at least about 
5% builder selected from the group consisting of zeolites, polycarboxylates, layered 
silicates, phosphates, and mixtures thereof. 



1 0. The cleaning composition according to Claim 6 wherein said cleaning adjunct 
materials comprise at least one detersive enzyme selected from the group consisting of 
cellulases, lipases, other amylases, phospholipases, other proteases, peroxidases and 
mixtures thereof. 



11. The cleaning composition according to Claim 6 wherein said cleaning adjunct 
materials comprise at least one bleaching agent preferably selected from the group 
consisting of percarbonates, perborates and mixtures thereof, and optionally further 
comprising at least one bleach activator preferably selected from the group consisting of 
benzoyloxybenzenesulphonate (BOBS), nonanoyloxybenzenesulphonate (NOBS), 
decanoyloxybenzenesulphonate (Cjo-OBS), octanoyloxybenzenesulphonate (Cg-OBS), 

perhydrolyzable esters, 4-[N-(nonaoyI) amino hexanoyIoxy]-benzene sulfonate sodium salt 
(NACA-OBS), lauryloxybenzenesulphonate (LOBS or Cj2-OBS), 10- 
undecenoyloxybenzenesulfonate (UDOBS or C] i-OBS with unsaturation in the 10 
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position), and decanoyloxybenzoic acid (DOBA) and mixtures thereof, and further 
optionally comprising a bleach catalyst, preferably 3-(3,4-dihydroisoquinolinium) propane 
sulfonate. 



12. The cleaning composition according to Claim 1 wherein said cleaning composition 
is a fabric cleaning composition, preferably in the form of a liquid, granule, bar, tablet, gel, 
powder or foam, comprising at least about 5% surfactant and at least about 5% builder by 
weight of the composition. 

13. The cleaning composition according to Claim 1 wherein said cleaning composition 
is a fabric cleaning composition comprising: 

(a) from about 0.000 1 % to about 1 0% by weight of said protease variant; 

(b) from about 0.000 1 % to about 0. 1 % by weight of said amylase variant; 

(c) at least about 5% by weight of a surfactant preferably selected from the 
group consisting of alkyi benzene sulfonates, primary alkyl sulfates, secondary alkyl 
sulfates, alkyl alkoxy sulfates, alkyl alkoxy carboxylates, alkyl polyglycosides and their 
corresponding sulfated polyglycosides, alpha-sulfonated farry acid esters, alkyl and alkyl 
phenol alkoxylates, betaines and sulfobetaines, amine oxides, N-methyl glucamides, 
nonionic primary alcohol ethoxylates, nonionic primary alcohol mixed ethoxy/propoxy, and 
mixtures thereof; and wherein further the builder is selected from the group consisting of 
zeolites, polycarboxylates, layered silicates, phosphates, and mixtures thereof; and 

(d) at least about 5% by weight of a builder preferably selected from the group 
consisting of zeolites, polycarboxylates, layered silicates, phosphates, and mixtures thereof 

14. The cleaning composition according to Claim 25 is in the form of a concentrated 
granular fabric cleaning composition comprising at least about 15% surfactant. 

15. A method for cleaning fabric, said method comprising contacting a fabric in need 
of cleaning with a cleaning composition according to Claims 12 or 13. 

1 6. The cleaning composition according to Claim 1 wherein said cleaning composition 
is a dishwashing composition, preferably in the form of a liquid, granule, powder, gel or 
tablet, comprising: 

(a) from about 0.000 1 % to about 1 0% by weight of said protease variant; 

(b) from about 0.000 1 % to about 0. 1 % by weight of the dishwashing 
composition of said amylase variant; and 

(c) from about 0. 1 % to about 1 0% by weight of a surfactant. 
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1 7. A method for cleaning dishes, said method comprising contacting a dish in need of 
cleaning with a cleaning composition according to Claim 16. 

18. A personal cleansing composition comprising: 

(a) an effective amount of a protease variant wherein said protease variant includes 
a substitution of an amino acid residue with another naturally occurring amino acid residue 
at an amino acid residue position corresponding to position 103 of Bacillus 
amyloliquefaciens subtilisin in combination with a substitution of an amino acid residue 
with another naturally occurring amino acid residue at one or more amino acid residue 
positions corresponding to positions 1, 3, 4, 8, 9, 10, 12, 13, 16, 17, 18, 19, 20, 21, 22, 24, 
27, 33, 37, 38, 42, 43, 48, 55, 57, 58, 61, 62, 68, 72, 75, 76, 77, 78, 79, 86, 87, 89, 97, 98, 
99, 101, 102, 104, 106, 107, 109, 111, 1 14, 1 16, 1 17, 1 19, 121, 123, 126, 128, 130, 131, 
133, 134, 137, 140, 141, 142, 146, 147, 158, 159, 160, 166, 167, 170, 173, 174, 177, 181, 
182, 183, 184, 185, 188, 192, 194, 198, 203,204, 205,206,209,210,211,212,213,214, 
215, 216, 217, 218, 222, 224, 227, 228, 230, 232, 236, 237, 238, 240, 242, 243, 244, 245, 
246, 247, 248, 249, 251, 252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263, 265, 
268, 269, 270, 271, 272, 274 and 275 of Bacillus amyloliquefaciens subtilisin; wherein 
when said protease variant includes a substitution of amino acid residues at positions 
corresponding to positions 103 and 76, there is also a substitution of an amino acid residue 
at one or more amino acid residue positions other than amino acid residue positions 
corresponding to positions 27, 99, 101, 104, 107, 109, 123, 128, 166, 204, 206, 210, 216, 
217, 21 8, 222, 260, 265 or 274 of Bacillus amyloliquefaciens subtilisin; 

(b) an amylase variant wherein said amylase variant is selected from the group 
consisting of: 

(i) a-amylase characterized by having a specific activity at least 25% 
higher than the specific activity of Termamyl® at a temperature range of 25°C to 55^*0 and 
at a pH value in the range of 8 to 10, measured by Phadebas® a-amylase activity assay 
and/or; 

(ii) a-amylase according to (i) comprising the amino acid sequence shown 
in SEQ ID No. 1 or an a-amylase being at least 80% homologous with the amino acid 
sequence shov^n in SEQ ID No. 1 and/or; 

(iii) a-amylase according to (i) comprising the amino acid sequence shown 
in SEQ ID No. 2 or an a-amylase being at least 80% homologous with the amino acid 
sequence shown in SEQ ID No. 2 and/or; 

(iv) a-amylase according to (i) comprising the following amino acid 
sequence N-terminal: His-His-Asn-Gly-Thr-Asn-Gly-Thr-Met-Met-Gln-Tyr-Phe-Glu-Trp- 
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Tyr-Leu-Pro-Asn-Asp (SEQ ID No. 3) or an a-amylase being at least 80% homologous 
with the amino acid sequence shown (SEQ ID No. 3) in the N-terminal and/or; 

(v) a-amylase according to (i-iv) wherein the a-amylase is obtainable 
from an alkalophilic Bacillus species and/or; 

(vi) a-amylase according to (v) wherein the amylase is obtainable from any 
of the strains NCIB 12289, NCIB 12512, NCIB 12513 and DSM 935 and/or; 

(vii) a-amylase showing positive immunological cross-reactivity with 
antibodies raised against an a-amylase having an amino acid sequence corresponding 
respectively to SEQ ID No. 1 , ID No. 2, or ID No. 3 and/or; 

(viii) variant of a parent a-amylase, wherein the parent a-amylase (1 ) has 
one of the amino acid sequences shown in SEQ ID No. 1 , ID No. 2, or ID No. 4, 
respectively, or (2) displays at least 80% homology with one or more of said amino acid 
sequences, and/or displays immunological cross-reactivity with an antibody raised against 
an a-amylase having one of said amino acid sequences, and/or is encoded by a DNA 
sequence which hybridizes with the same probe as a DNA sequence encoding an a- 
amylase having one of said amino acid sequences, in which variants: (A) at least one 
amino acid residue of said parent a-amylase has been deleted; and/or (B) at least one 
amino acid residue of said parent a-amylase has been replaced by a different amino acid 
residue; and/or (C) at least one amino acid residue has been inserted relative to said parent 
a-amylase; said variant having an a-amylase activity and exhibiting at least one of the 
following properties relative to said parent a-amylase: increased thermostability; 
increased stability towards oxidation; reduced Ca ion dependency; increased stability 
and/or a-amylolytic activity at neutral to relatively high pH values; increased a-amylolytic 
activity at relatively high temperature; and increase or decrease of the isoelectric point (pi) 
so as to better match the pi value for a-amylase variant to the pH of the medium; and 

(c) one or more cleaning adjunct materials. 

1 9. The personal cleansing composition according to Claim 1 8 wherein said personal 
cleansing composition comprises: 

(a) from about 0.001% to about 5%, preferably from about 0.001% to about 
2%, more preferably from about 0.002% to about 0.8% by weight of said protease variant; 

(b) from about 0.0001% to about 0.1% by weight of tiie personal cleansing 
composition of said amylase variant; and 

(c) from about 0.1% to about 95% by weight of a surfactant system preferably 
comprising a surfactant selected from the group consisting of anionic carboxylates, amine 
oxides, alkyl glucosides, glucose amides, alkyl sulfates, alkyl ether sulfates, acyl 
isethionates, alkyl sulfosuccinates, alkyl phosphate esters, ethoxylated phosphate esters. 
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alkyl glyceryl ether sulfonates and mixtures thereof, more preferably comprising a 
surfactant selected from the group consisting of soaps, acylglutamates. alkyl sarcosinates, 
lauramine oxides, cocamine oxides, cocamindopropylamine oxides, decylglucosides laun'l 
sulfates, laureth sulfates, Ci2.]8 acyl isethionates and mixtures thereof; and 

(d) optionally, from about 0.05% to about 50% by weight of an enzyme 
stabilizer. 

20. The personal cleansing composition according to Claim 1 9 wherein said surfactant 
is soap at a level of at least about 2%, preferably at least about 10%, more preferably at 
least about 25% by weight of the cleaning composition. 

21 . The personal cleansing composition according to Claim 20 wherein the ratio of 
soap to protease variant is from about 2,000: 1 to about 8:1, preferably from about 400: 1 to 
about 40:1. 

22. A method for personal cleansing, said method comprising contacting a part of the 
human or lower animal body in need of cleaning with a cleaning composition according to 
Claim 18. 

23. A fabric and/or dishwashing and/or hard surface cleaning composition comprising: 

(a) an effective amount of a protease variant wherein said protease variant includes 
a substitution of an amino acid residue with another naturally occurring amino acid residue 
at one or more amino acid residue positions corresponding to positions 62, 212, 230, 232, 
252 and 257 of Bacillus amyloliquefaciens subtilisin; 

(b) an amylase variant wherein said amylase variant is selected from the group 
consisting of: 

(i) a-amylase characterized by having a specific activity at least 25% 
higher than the specific activity of Termamyl® at a temperature range of 25''C to 55°C and 
at a pH value in the range of 8 to 10, measured by Phadebas® a-amylase activity assay 
and/or; 

(ii) a-amylase according to (i) comprising the amino acid sequence shown 
in SEQ ID No. 1 or an a-amylase being at least 80% homologous with the amino acid 
sequence shown in SEQ ID No. 1 and/or; 

(iii) a-amylase according to (i) comprising the amino acid sequence shown 
in SEQ ID No. 2 or an a-amylase being at least 80% homologous with the amino acid 
sequence shown in SEQ ID No. 2 and/or; 
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(iv) a-amylase according to (i) comprising the following amino acid 
sequence N-terminal: His-His-Asn-Gly-Thr-Asn-Gly-Thr-Met-Met-Gln-Tyr-Phe-Glu-Trp- 
Tyr-Leu-Pro-Asn-Asp (SEQ ID No. 3) or an a-amylase being at least 80% homologous 
with the amino acid sequence shown (SEQ ID No. 3) in the N-terminal and/or; 

(v) a-amylase according to (i-iv) wherein the a-amylase is obtainable 
from an alkalophilic Bacillus species and/or; 

(vi) a-amylase according to (v) wherein the amylase is obtainable from any 
of the strains NCIB 12289, NCIB 12512, NCIB 12513 and DSM 935 and/or; 

(vii) a-amylase showing positive immunological cross-reactivity with 
antibodies raised against an a-amylase having an amino acid sequence corresponding 
respectively to SEQ ID No. 1, ID No. 2, or ID No. 3 and/or; 

(viii) variant of a parent a-amylase, wherein the parent a-amylase (1) has 
one of the amino acid sequences shown in SEQ ID No. 1, ID No. 2, or ID No. 4, 
respectively, or (2) displays at least 80% homology with one or more of said amino acid 
sequences, and/or displays immunological cross-reactivity with an antibody raised against 
an a-amylase having one of said amino acid sequences, and/or is encoded by a DNA 
sequence which hybridizes with the same probe as a DNA sequence encoding an a- 
amylase having one of said amino acid sequences, in which variants: (A) at least one 
amino acid residue of said parent a-amylase has been deleted; and/or (B) at least one 
amino acid residue of said parent a-amylase has been replaced by a different amino acid 
residue; and/or (C) at least one amino acid residue has been inserted relative to said parent 
a-amylase; said variant having an a-amylase activity and exhibiting at least one of the 
following properties relative to said parent a-amylase: increased thermostability; 
increased stability towards oxidation; reduced Ca ion dependency; increased stability 
and/or a-amylolytic activity at neutral to relatively high pH values; increased a-amylolytic 
activity at relatively high temperature; and increase or decrease of the isoelectric point (pi) 
so as to better match the pi value for a-amylase variant to the pH of the medium; and 

(c) one or more cleaning adjunct materials. 

24. The cleaning composition according to Claim 23 wherein said protease variant is 
derived from a Bacillus subtilisin, preferably Bacillus lentus subtilisin or subtilisin 309. 

25. The cleaning composition according to Claim 23 wherein said protease variant 
includes substitutions of the amino acid residues at one or more of the following positions 
selected from the group consisting of: 

1) position 62 and at one or more of the following positions 103, 104, 109, 159, 
213, 232, 236, 245, 248 and 252; 
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2) position 212 and at one or more of the following positions 12, 98, 102, 103, 104, 
1 59, 232, 236, 245, 248 and 252; 

3) position 230 and at one or more of the following positions 68, 103, 104, 159, 
232, 236 and 245; 

4) position 232 and at one or more of the following positions 12, 61, 62, 68, 76, 97, 
98, 101, 102, 103, 104. 109, 130, 131, 159, 183, 185, 205, 209, 210, 212, 213, 217, 230, 
236, 245, 248, 252, 257, 260, 270 and 275; 

5) position 232 and at one or more of the following positions 1 03, 1 04 236 and 

245; 

6) positions 232 and 103 and at one or more of the following positions 12, 61, 62, 
68, 76, 97, 98, 101, 102, 103, 104, 109, 130, 131, 159, 183, 185, 205, 209, 210, 212, 213, 
21 7, 230, 236, 245, 248, 252, 257, 260, 270 and 275; 

7) positions 232 and 1 04 and at one or more of the following positions 12, 6 1 , 62, 
68, 76, 97,98, 101, 102, 103, 104, 109, 130, 131. 159, 183, 185,205,209,210,212,213,' 
21 7, 230, 236, 245, 248, 252, 257, 260, 270 and 275; 

8) positions 232 and 236 and at one or more of the following positions 12, 61, 62, 
68, 76, 97, 98, 101, 102, 103, 104, 109, 130, 131, 159, 183, 185, 205,209,210.212,213, 
2 1 7, 230, 236, 245, 248, 252, 257, 260, 270 and 275; 

9) positions 232 and 245 and at one or more of the following positions 12, 61, 62, 
68, 76,97,98, 101, 102, 103, 104, 109, 130, 131. 159, 183, 185,205,209,210,212,213, ' 
217, 230, 236, 245, 248, 252, 257, 260, 270 and 275; 

10) positions 232. 103, 104, 236 and 245 and at one or more of the following 
positions 12, 61, 62, 68, 76, 97, 98, 101, 102, 103, 104, 109, 130, 131. 159, 183. 185, 205, 
209, 210, 212, 213. 217. 230, 236, 245, 248, 252, 257, 260. 270 and 275; 

1 1) position 252 and at one or more of the following positions 12, 61, 62. 68, 97, 
98, 101, 102, 103. 104. 109. 130, 131, 159, 183, 185, 210, 212, 213, 217, 232, 236, 245, ' 
248 and 270; 

12) position 252 and at one or more of the following positions 103, 104 236 and 

245; 

13) positions 252 and 103 and at one or more of the following positions 12, 61, 62, 
68,97, 98. 101, 102, 103, 104, 109, 130, 131, 159, 183, 185,210,212,213,217,232,236, ' 
245, 248 and 270; 

14) positions 252 and 104 and at one or more of the following positions 12, 61, 62, 
68,97,98, 101, 102. 103, 104. 109. 130. 131, 159, 183, 185,210,212,213,217,232, 236, ' 
245, 248 and 270; 
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15) positions 252 and 236 and at one or more of the following positions 12, 61, 62, 
68,97,98, 101, 102, 103, 104, 109, 130, 131, 159, 183, 185,210,212,213,217,232,236, 
245, 248 and 270; 

16) positions 252 and 245 and at one or more of the following positions 12, 61, 62, 
68, 97, 98. 101, 102, 103, 104, 109, 130, 131, 159, 183, 185, 210, 212, 213, 217. 232. 236, 
245. 248 and 270; 

17) positions 252, 103, 104, 236 and 245 and at one or more of the following 
positions 12,61,62, 68, 97, 98, 101, 102, 103, 104, 109, 130, 131, 159, 183. 185,210,212, 
213, 217, 232, 236, 245, 248 and 270; 

1 8) position 257 and at one or more of the following positions 68, 103, 104, 205, 
209, 210, 232, 236, 245 and 275. 

26. The cleaning composition according to Claim 23 wherein said protease variant 
includes a substitution set selected from the group consisting of: 

12/1 02/1 03/1 04/1 59/2 1 2/232/236/245/248/252; 6 1 /68/1 03/1 04/1 59/232/236/245/248/252; 
62/1 03/1 04/130/1 59/2 1 3/232/236/245/248/252; 62/1 03/1 04/1 59/2 13/232/236/245/248/252; 
62/1 03/1 04/1 09/1 59/2 1 3/232/236/245/248/252; 62/1 03/1 04/1 59/232/236/245/248/252; 
62/1 0 1 /1 03/1 04/1 59/2 1 2/2 1 3/232/236/245/248/252; 
68/1 03/1 04/1 59/232/236/245/248/252/270; 

68/1 03/1 04/1 59/1 85/232/236/245/248/252; 68/1 03/1 04/1 59/2 1 0/232/236/245/248/252; 
68/1 03/104/1 59/1 85/2 1 0/232/236/245/248/252; 68/1 03/1 04/1 59/2 13/232/236/245/248/252; 
68/1 03/1 04/1 59/230/232/236/245; 68/76/1 03/1 04/1 59/209/232/236/245; 

68/1 03/1 04/232/236/245/248/257/275; 68/1 03/1 04/2 1 3/232/236/245/248/252; 

68/1 03/1 04/1 59/232/236/245/248/252; 68/1 03/1 04/1 59/209/232/236/245; 

68/76/1 03/1 04/1 59/232/236/245; 68/1 03/1 04/1 59/232/236/245/252; 

68/1 03/1 04/1 59/232/236/245; 68/1 03/1 04/1 59/232/236/245/257; 

68/76/1 03/1 04/1 59/2 1 1 /232/236/245 ; 68/76/1 03/1 04/1 59/21 5/232/236/245; 

68/103/104/159/210/232/236/245; 68/103/104/159/213/232/236/245/260; 
68/76/1 03/1 04/1 59/2 1 3/232/236/245/260; 68/76/1 03/1 04/1 59/210/232/236/245/260; 
68/103/104/159/183/232/236/245/248/252; 68/103/104/232/236/245/257/275; 
68/103/1 04/1 59/2 13/232/236/245; 76/ 1 03/1 04/1 59/232/236/245; 

76/1 03/1 04/1 59/2 1 3/232/236/245/260; 76/1 03/1 04/1 3 1/1 59/232/236/245/248/252; 

97/103/104/159/232/236/245/248/252; 98/1 03/1 04/1 59/232/236/245/248/252; 

98/1 02/1 03/1 04/1 59/2 1 2/232/236/245/248/252; 1 0 1 /1 03/1 04/1 59/232/236/245/248/252; 
102/103/104/159/232/236/245/248/252; 103/104/159/232/236/245; 
1 03/1 04/1 59/248/252/270; 1 03/1 04/1 59/232/236/245/248/252; 

1 03/1 04/1 59/205/209/232/236/245/257 1 03/1 04/1 59/232/245/248/252; 
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103/104/159/205/209/210/232/236/245/257; 103/104/159/213/232/236/245/248/252- 
103/104/159/217/232/236/245/248/252; 103/104/130/159/232/236/245/248/252- 
1 03/1 04/1 3 1/1 59/232/236/245/248/252; ] 03/1 04/1 59/205/209/232/236/245- and 

103/104/159/232/236/245/257. 

27. The cleaning composition according to Claim 26 wherein said protease variant 
includes a substitution set selected from the group consisting of: 

12R/1 02A/1 03 A/1 041/1 59D/2 12G/232V/236H/245R/248D/252K; 

61E/68A/1 03A/1 041/1 59D/232V/236H/245R/248D/252K; 
62D/1 03 A/1 041/1 09R/1 59D/2 1 3R/232V/236H/245R/248D/252K; 
62D/103A/104I/159D/213R/232V/236H/245R/248D/252K; 
62D/1 03 A/1 041/1 59D/232V/236H/245R/248D/252K; 
62D/1 03 A/1 041/1 30G/1 59D/2 13R/232V/236H/245R/248D/252K; 
62D/I01G/103A/104I/159D/212G/213R/232V/236H/245R/248D/252K; 
68A/76D/1 03 A/1 041/1 59D/2 1 3R/232V/236H/245R/260A; 
68A/76D/1 03A/1 041/1 59D/2 1 0I/232V/236H/245R/260A;' 
68A/1 03A/1 041/1 59D/1 83D/232V/236H/245R/248D/252K; 
68A/1 03 A/1 041/1 59D/209W/232V/236H/245R; 
68A/76D/1 03A/1 041/1 59D/2 1 1 R/232V/236H/245R; 
68A/76D/1 03A/1 041/1 59D/2 1 5R/232V/236H/245R; 
68A/1 03A/1 04I/159D/2 13R/232V/236H/245R/260A; 
68A/76D/1 03A/1 041/1 59D/232V/236H/245R; 
68A/103A/1 041/1 59D/232V/236H/245R/252K; 

68A/1 03A/1 041/1 59D/232V/236H/245R; 
68A/1 03A/1 041/1 59D/232V/236H/245R/257V; 
68A/1 03A/1 041/1 59D/1 85D/232V/236H/245R/248D/252K; 
68A/1 03 A/1 041/1 59D/2 1 0L/232V/236H/245R/248D/252K; 
68A/1 03A/1 041/1 59D/1 85D/2 1 0L/232V/236H/245R/248D/252K; 
68A/103A/104I/1 59D/213E/232V/236H/245R/248D/252K; 
68A/1 03A/1 041/1 59D/230V/232V/236H/245R; 
68A/76D/1 03 A/1 041/1 59D/209W/232V/236H/245R; 
68A/1 03 A/1 04I/232V/236H/245R/248D/257V/275H; 

68A/1 03A/1 04I/232V/236H/245R/257V/275H; 
68A/1 03 A/1 041/2 1 3E/232V/236H/245R/248D/252K; 
68A/103A/104I/159D/232V/236H/245R/248D/252K; 
68A/1 03A/104I/1 59D/2 1 0I/232V/236H/245R; 
68A/1 03 A/1 041/1 59D/2 1 0L/232V/236H/245R; 



iSDOCID: <WO 9920723A2_I_> 



wo 99/20723 

PCT/US98/22486 

151 

68A/1 03A/] 041/1 59D/2 13G/232V/236H/245R; 

68A/1 03 A/l 041/1 59D/232V/236H/245R/248D/252K/270A; 
76D/1 03A/1 041/1 59D/232V/236H/245R; 

76D/1 03A/1 041/13 1 V/1 59D/232V/236H/245R/248D/252K; 
76D/1 03 A/1 041/1 59D/2 1 3R/232V/236H/245R/260A; 
97E/1 03 A/1 041/1 59D/232V/236H/245R/248D/252K; 
98171 03 A/1 041/1 59D/232V/236H/245R/248D/252K; 
98L/1 02A/1 03 A/1 041/1 59D/2 1 2G/232V/236H/245R/248D/252K; 
1 0 lG/1 03 A/1 041/1 59D/232V/236H/245R/248D/252K; 
1 02A/1 03A/1 041/1 59D/232V/236H/245R/248D/252K; 

1 03 A/1 041/1 59D/232V/236H/245R/248D/252K; 
1 03 A/1 041/1 59D/2 1 3R/232V/236H/245R/248D/252K; 
1 03A/1 041/130G/1 59D/232V/236H/245R/248D/252K; 
1 03 A/1 041/1 59D/2 1 7E/232V/236H/245R/248D/252K; 
1 03A/1 041/1 59D/248D/252K/270V; 
1 03A/1 041/1 59D/232V/236H/245R; 
1 03A/1 041/1 59D/205I/209W/232V/236H/245R; 
1 03 A/1 041/1 59D/232V/236H/245R/257V; 
1 03A/1 041/1 59D/205I/209W/232V/236H/245R/257V; 
103A/1041/131V/159D/232V/236H/245R/248D/252K; 
1 03 A/1 041/1 59D/205I/209W/2 1 01/232V/236H/245R/257V; and 
103A/1041/159D/232V/245R/248D/252K. 

28. The cleaning composition according to Claim 23 wherein said cleaning adjunct 
materials are selected from the group consisting of surfactants, solvents, buffers, enzymes, 
soil release agents, clay soil removal agents, dispersing agents, brighteners, suds 
suppressors, fabric softeners, suds boosters, enzyme stabilizers, builders, other bleaching 
agents, dyes, perfumes, chelants and mixtures thereof. 

29. The cleaning composition according to Claim 28 wherein said cleaning adjunct 
materials comprise at least one detersive surfactant, preferably a branched surfactant, more 
preferably a mid-chained branched surfactant. 

30. The cleaning composition according to Claim 28 wherein the cleaning adjunct 
materials comprise at least about 0.1% surfactant by weight of the composition, said 
surfactant comprising materials selected from the group consisting of alkyl benzene 
sulfonates, primary alkyl sulfates, secondary alkyl sulfates, alkyl alkoxy sulfates, alkyl 
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alkoxy carboxylates, alkyl polyglycosides and their corresponding sulfated polyglycosides 
alpha-sulfonated fatty acid esters, alkyl and alkyl phenol alkoxylates, betaines and 
sulfobetaines, amine oxides, N-methyl glucamides. nonionic primao' alcohol ethoxylates 
non.on.c primary alcohol mixed ethoxy/propoxy. and mixtures thereof 

31. The cleaning composition according to Claim 30 further comprising at least about 
5% bualder selected from the group consisting of zeolites, polycarboxylates, layered 
silicates, phosphates, and mixtures thereof 

32. The cleaning composition according to Claim 28 wherein said cleaning adjunct 
materials comprise at least one detersive enzyme selected from the group consisting of 
cellulases, lipases, amylases, phospholipases, other proteases, peroxidases and mixtures 
thereof. 

33. The cleaning composition according to Claim 28 wherein said cleaning adjunct 
materials comprise at least one bleaching agent preferably selected from the group 
consisting of percarbonates, perborates and mixtures thereof, and optionally further 
comprising at least one bleach activator preferably selected from the group consisting of 
benzoyloxybenzenesulphonate (BOBS), nonanoyloxybenzenesulphonate (NOBS) 
decanoyloxybenzenesulphonate (Ciq-OBS), octanoyloxybenzenesulphonate (Cg-OBS), 

""c^AcTn^.'] "T' -^"°"^°>''> hexanoyloxyj-benzene sulfonate sodium 'salt 

(NACA-OBS), lauryloxybenzenesulphonate (LOBS or C]2-OBS), 10- 

undecenoyloxybenzenesulfonate (UDOBS or Cj j-OBS with unsaiuration in the 10 
position), and decanoyJoxybenzoic acid (DOBA) and mixtures thereof, and ftirther 
optionally comprising a bleach catalyst, preferably 3.(3,4-dihydroisoquinolinium) propane 
sulfonate. 

34. The cleaning composition according to Claim 23 wherein said cleaning 
composition is a fabric cleaning composition, preferably in the fonn of a liquid, granule 
bar, tablet, gel, powder or foam, comprising at least about 5% surfactant and at least about 
5% builder by weight of the composition. 

35. The cleaning composition according to Claim 23 wherein said cleaning 
composition is a fabric cleaning composition comprising: 

(a) from about 0.0001% to about 10% by weight of said protease variant; 

(b) from about 0.0001% to about 0.1% by weight of the fabric cleaning 
composition of said amylase variant; 
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(c) at least about 5o/„ by weight of a surfactant preferablv .el t h f 
group consisting of alkyl benzene sulfonlt n, , ^ 

s y oenzene sulfonates, primary alkyl sulfates secondarv alkvl 
sulfa.., .,M alkoxy s„,fa., a,M po,y, a^^^^ 

mixtures thereof and wherein fmher 4e builder is selected fmn, ,k 
^n«.«ates,,a.e^^ 

consist Jl. T "■^^-"'^ "'^"^ fro- '-e group 
co„s,s„n, of zeCtes, po„carboxy,a.es. ,aye„d silicates, phosphates, and mixtures the J. 

36. cleaning con,p„siti„„ according to Claim 33 is in the fonn of a concentrated 
granular f.br,c cleaning composition comprising at least about 1 5% surfactant 

37. A method for cleaning fabric, said methyl comprising contacting a fabric in need 
of cleanmg „,th a cleaning composition according to Claims 34 or 35. 

38. The cleaning composition according to Claim 23 wherein said cleaning 
composition is a dishwashing composition, preferably in the fonn of a liquid, glnle 
powder, gel or tablet, comprising: .gi^uJe, 

from about 0.0001% to about 10% by weigh, of said protease variant; and 



(b) from about 0.1% ,„ about 10% by weight of a surfact^r 

Cleaning with a cleaning composition according to Claim 38. 
10. A personal cleansing composition comprising: 

a substitUT""" '™ « i-ludes 

a su^„tu„on of an amino ac„, ,«id„e with another naturally occurring amino acid residue 

252 and 257 of BacUhs amytoliquefacttm subtilisin; 

consistiilg of" ^ ".e group 

(i) a-amylase characterized by having a specific activity a, leas, 25% 
high, t^ ^ specific a«ivi,, of Terniamyl* a, a tempe.„. range of 25=C to 55^ and 
a. a^pH value m the range of g to 1 0, measured by Phadebas* a-amylase activity as^y 
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(ii) a-amylase according to (i) comprising the amino acid sequence shown 
in SEQ ID No. 1 or an a-amylase being at least 80% homologous with the amino acid 
sequence shown in SEQ ID No. 1 and/or; 

(iii) a-amylase according to (i) comprising the amino acid sequence shown 
in SEQ ID No. 2 or an a-amylase being at least 80% homologous with the amino acid 
sequence shown in SEQ ID No. 2 and/or; 

(iv) a-amylase according to (i) comprising the following amino acid 
sequence N-terminal: His-His-Asn-Gly-Thr-Asn-Gly-Thr-Met-Met-Gln-Tyr-Phe-Glu-Trp- 
Tyr- Leu-Pro- Asn- Asp (SEQ ID No. 3) or an a-amylase being at least 80% homologous 
with the amino acid sequence shown (SEQ ID No. 3) in the N-terminal and/or; 

(v) a-amylase according to (i-iv) wherein the a-amylase is obtainable 
from an alkalophilic Bacillus species and/or; 

(vi) a-amylase according to (v) wherein the amylase is obtainable from any 
of the strains NCIB 12289, NCIB 12512, NCIB 12513 and DSM 935 and/or; 

(vii) a-amylase showing positive immunological cross-reactivity with 
antibodies raised against an a-amylase having an amino acid sequence corresponding 
respectively to SEQ ID No. 1 , ID No. 2, or ID No. 3 and/or; 

(viii) variant of a parent a-amylase, wherein the parent a-amylase ( 1 ) has 
one of the amino acid sequences shown in SEQ ID No. 1, ID No. 2, or ID No. 4, 
respectively, or (2) displays at least 80% homology with one or more of said amino acid 
sequences, and/or displays immunological cross-reactivity with an antibody raised against 
an a-amylase having one of said amino acid sequences, and/or is encoded by a DNA 
sequence which hybridizes with the same probe as a DNA sequence encoding an a- 
amylase having one of said amino acid sequences, in which variants: (A) at least one 
amino acid residue of said parent a-amylase has been deleted; and/or (B) at least one 
amino acid residue of said parent a-amylase has been replaced by a different amino acid 
residue; and/or (C) at least one amino acid residue has been inserted relative to said parent 
a-amylase; said variant having an a-amylase activity and exhibiting at least one of the 
following properties relative to said parent a-amylase: increased thermostability; 
increased stability towards oxidation; reduced Ca ion dependency; increased stability 
and/or a-amylolytic activity at neutral to relatively high pH values; increased a-amylolytic 
activity at relatively high temperature; and increase or decrease of the isoelectric point (pi) 
so as to better match the pi value for a-amylase variant to the pH of the medium; and 

(c) one or more cleaning adjunct materials. 

41 . The personal cleansing composition according to Claim 40 wherein said personal 
cleansing composition comprises: 



JSDOCID: <WO 9920723A2_|_> 



wo 99/20723 



PCT/US98/22486 



155 

(a) from about 0.001% to about 5%, preferably from about 0.001% to about 
2%, more preferably from about 0.002% to about 0.8% by weight of said protease variant; 

(b) from about 0.0001 % to about 0. 1 % by weight of the personal cleansing 
composition of said amylase variant; and 

(c) from about 0. 1% to about 95% by weight of a surfactant system preferably 
comprising a surfactant selected from the group consisting of anionic carboxylates, amine 
oxides, alkyl glucosideSj glucose amides, alkyl sulfates, alkyl ether sulfates, acyl 
isethionates, alkyl sulfosuccinates, alkyl phosphate esters, ethoxylated phosphate esters, 
alkyl glyceryl ether sulfonates and mixtures thereof, more preferably comprising a 
surfactant selected from the group consisting of soaps, acylglutamates, alkyl sarcosinates, 
lauramine oxides, cocamine oxides, cocamindopropylamine oxides, decylglucosides, lauryl 
sulfates, laureth sulfates, C12-I8 ^^y' isethionates and mixtures thereof; and 

(d) optionally, from about 0.05% to about 50% by weight of an enzyme 
stabilizer. 

42. The personal cleansing composition according to Claim 41 wherein said surfactant 
is soap at a level of at least about 2%, preferably at least about 10%, more preferably at 
least about 25% by weight of the cleaning composition. 

43. The personal cleansing composition according to Claim 42 wherein the ratio of 
soap to protease variant is from about 2,000:1 to about 8:1, preferably from about 400:1 to 
about 40:1. 

44. A method for personal cleansing, said method comprising contacting a part of the 
human or lower animal body in need of cleaning with a cleaning composition according to 
Claim 40. 

45. A method for pretreating a fabric in need of cleaning, said method comprising 
contacting said fabric prior to washing said fabric with an aqueous solution containing a 
surfactant with a bleaching composition according to Claims 12 or 13. 

46. A method for pretreating a fabric in need of cleaning, said method comprising 
contacting said fabric prior to washing said fabric with an aqueous solution containing a 
surfactant with a bleaching composition according to Claims 34 or 35. 
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1 

SEQUENCE DESCRIPTION : SEQ ID No. 1 

His His Asn Gly Thr Asn Gly Thr Met Met Gin Tyr Phe Glu Trp Tyr 

15 10 15 

Leu Pro Asn Asp Gly Asn His Trp Asn Arg Leu Arg Asp Asp Ala Ala 

20 25 30 

Asn Leu Lys Ser Lys Gly lie Thr Ala Val Trp lie Pro Pro Ala Trp 

35 40 - 45 

Lys Gly Thr Ser Gin Asn Asp Val Gly Tyr Gly Ala Tyr Asp Leu Tyr 

50 55 60 

Asp Leu Gly Glu Phe Asn Gin Lys Gly Thr Val Arg Thr Lys Tyr Gly 
65 70 75 80 

Thr Arg Asn Gin Leu Gin Ala Ala Val Thr Ser Leu Lys Asn Asn Gly 

85 90 95 

lie Gin Val Tyr Gly Asp Val Val Met Asn His Lys Gly Gly Ala Asp 

100 105 Tio 

Gly Thr Glu lie Val Asn Ala Val Glu Val Asn Arg Ser Asn Arg Asn 

115 120 125 

Gin Glu Thr Ser Gly Glu Tyr Ala lie Glu Ala Trp Thr Lys Phe Asp 

130 135 140 

Phe Pro Gly Arg Gly Asn Asn His Ser Ser Phe Lys Trp Arg Trp Tyr 
145 150 155 160 

His Phe Asp Gly Thr Asp Trp Asp Gin Ser Arg Gin Leu Gin Asn Lys 

165 170 175 

lie Tyr Lys Phe Arg Gly Thr Gly Lys Ala Trp Asp Trp Glu Val Asp 

180 185 190 

Thr Glu Asn Gly Asn Tyr Asp Tyr Leu Met Tyr Ala Asp Va! Asp Met 

1 95 200 205 

Asp His Pro Glu Val lie His Glu Leu Arg Asn Trp Gly Val Trp Tyr 

210 215 220 

Thr Asn Thr Leu Asn Leu Asp Gly Phe Arg lie Asp Ala Val Lys His 
225 230 235 240 

lie Lys Tyr Ser Phe Thr Arg Asp Trp Leu Thr His Val Arg Asn Thr 

245 250 255 

Thr Gly Lys Pro Met Phe Ala Val Ala Glu Phe Trp Lys Asn Asp Leu 
250 265 270 
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2 

Gly Ala lie Glu Asn Tyr Leu Asn Lys Thr Set Trp Asn His Ser Val 

275 280 285 

Phe Asp Val Pro Leu His Tyr Asn Leu Tyr Asn Ala Ser Asn Ser Gly- 

290 295 300 

Gly Tyr Tyr Asp Met Arg Asn He Leu Asn Gly Ser Val Val Gin Lys 
305 310 315 320 

His Pro Thr His Ala Val Thr Phe Val Asp Asn His Asp Ser Gin Pro 
325 ^ 330 335 

Gly Glu Ala Leu Glu Ser Phe Val Gin Gtn Trp Phe Lys Pro Leu Ala 

340 345 350 

Tyr Ala Leu Val leu Thr Arg Glu Gin Gly Tyr Pro Ser Val Phe Tyr 

355 360 365 

Gly Asp Tyr Tyr Gly Jle Pro Thr His Gly Val Pro Ala Met Lys Ser 

370 375 380 

Lys lie Asp Pro leu Leu Gin Ala Arg Gin Thr Phe Ala Tyr Gly Thr 
3S5 390 395 400 

Gin His Asp Tyr Phe Asp His His Asp lie lie Gly Trp Thr Arg Glu 

405 410 415 

Giy Asn Ser Ser His Pro Asn Ser Gly Leu Ala Thr Ite Met Ser Asp 

420 425 430 

Gly Pro Gly Gly Asn Lys Trp Met Tyr Val Giy Lys Asn Lys Ala Gly 

435 440 445 

Gin Val Trp Arg Asp lie Thr Gly Asn Arg Thr Gly Thr Val Thr lie 

450 455 460 

Asn Ala Asp Gly Trp Gly Asn Phe Ser Val Asn Gly Gly Ser Val Ser 
465 470 475 480 

Val Trp Val Lys Gin 

485 
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SEQUENCE DESCRIPTION : SEQ >D No. 2 

His His Asn Gly Thr Asn Gly Thr Met Met Gin Tyr Phe Glu Trp His 

15 10 15 

Leu Pro Asn Asp Gly Asn His Trp Asn Arg Leu Arg Asp Asp Ala Ser 

20 25 30 

Asn Leu Arg Asn Arg Gly lie Thr Ala lie Trp lie Pro Pro Ala Trp 

35 40 _ 45 

Lys Gly Thr Ser Gin Asn Asp Vat Gly Tyr Gly Ala Tyr Asp Leu Tyr 

50 55 60 

Asp Leu Gly Glu Phe Asn Gin Lys Gly Thr Val Arg Thr Lys Tyr Gly 

65 70 75 

Thr Arg Ser Gin Leu Glu Ser Ala lie His Ala Leu Lys Asn Asn Gly 
80 85 90 95 

Val Gin Val Tyr Gly Asp Val Val Met Asn His Lys Gly Gly Ala Asp 

100 105 no 

Ala Thr Glu Asn Val Leu Ala Val Glu Val Asn Pro Asn Asn Arg Asn 

115 120 T25 

Gin Glu lie Ser Gly Asp Tyr Thr lie Glu Ala Trp Thr Lys Phe Asp 

130 135 
Phe Pro Gly Arg Gly Asn Thr Tyr Ser Asp Phe Lys Trp Arg Trp Tyr 

145 150 155 

His Phe Asp Gly Val Asp Trp Asp Gin Ser Arg Gin Phe Gin Asn Arg 
160 165 170 175 

lie Tyr Lys Phe Arg Gly Asp Gly Lys Ala Tri Asp Trp Glu Val Asp 

180 185 190 

Ser Glu Asn Gly Asn Tyr Asp Tyr Leu Met Tyr Ala Asp Val Asp Met 

195 200 205 

Asp His Pro Glu Val Val Asn Glu Leu Arg Arg Trp Gly Glu Trp Tyr 

210 215 220 

Thr Asn Thr Leu Asn Leu Asp Gly Phe Arg He Asp Ala Val Lys His 

225 230 235 

lie Lys Tyr Ser Phe Thr Arg Asp Trp Leu Thr His Val Arg Asn Ala 
240 245 250 255 

Thr Gly Lys Glu Met Phe Ala Val Ala Glu Phe Trp Lys Asn Asp Leu 
260 265 270 
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Gly Ala Leu Glu Asn Tyr Leu Asn Lys Thr Asn Trp Asn His Ser Val 

275 280 285 

Phe Asp Val Pro Leu His Tyr Asn Leu Tyr Asn Ala Ser Asn Ser Gly 

290 295 300 

Gly Asn Tyr Asp Met Ala Lys Leu Leu Asn Gly Thr Val Val Gin Lys 

305 310 315 

His Pro Met His Ala Val Thr Phe Val Asp Asn His Asp Ser Gin Pro 
320 325 330 335 

Gly Glu Ser Leu Glu Ser Phe Val Gin Glu Trp Phe Lys Pro Leu Ala 

340 345 350 

Tyr Ala Leu lie Leu Thr Arg Glu Gin Gly Tyr Pro Ser Val Phe Tyr 

355 360 365 

Gly Asp Tyr Tyr Gly lie Pro Thr His Ser Val Pro Ala Met Lys Ala 

370 375 380 

Lys lie Asp Pro he Leu Glu Ala Arg Gin Asn Phe Ala Tyr Gly Thr 

385 390 395 

Gin His Asp Tyr Phe Asp His His Asn lie lie Gly Trp Thr Arg Glu 
400 405 410 415 

Gly Asn Thr Thr His Pro Asn Ser Gly Leu Ala Thr lie Met Ser Asp 

420 425 430 

Gly Pro Gly Gly Glu Lys Trp Met Tyr Val Gly Gin Asn Lys Ala Gly 

435 440 445 

Gin Val Trp His Asp lie Thr Gly Asn Lys Pro Gly Thr Val Thr lie 

450 455 460 

Asn Ala Asp Gly Trp Ala Asn Phe Ser Val Asn Gly Gly Ser Val Ser 

465 470 475 

ile Trp Val Lys Arg 
480 
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SEQUENCE DESCRIPTION : 5EQ ID No. 3 

His-His-Asn-GlyThr-Asn-GlyThr-Met-Met-Gln-Tvr-Phe.Glu-Trp.Tvr.LBu-Pro- 
Asn-Asp 
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SEQUENCE DESCmPnON : SEQ ID No* 4 

AAPFNGTMMQ YFEWYLPDDG TLWTKVANEA NNLSSLGITA LWLPPAYKGT 
SRSDVGYGVY DLYDLGEFNQ KGAVRTKYGT KAQYLQAIQA 
AHAAGMQVYA 

DWFDHKGGA DGTEWVDAVE VNPSDRNQEl SGTYQlQAWT KFDFPGRGNT 
YSSFKWRWYH FD6VDWDESR KLSRIYKFRG IGKAWDWEVD 
TENGNYDYLM 

YADLDMDHPE WTELKSWGK 
VRSOTGKPLF TVGEYWSYDl 
SGGTFDMRTL MTNTLMKDQP 
WVDPWFKPLA 
YAFILTRQEG YPCVFYGDYY 
DYLDHSDUG WTREGVTEKP 
GKQHAGKVFY 

DLTGNRSDTV TINSDGWGEF KVNGGSVSVW VPRKTTVSTI AWSITTRPNATT 
DEFVRWTEPH LVAWP 



WYVNTTNIDG FRLDAVKHIK FSFFPDWLSO 

NKLHNYIMKT NGTMSLFDAP LHNKFYTASK 

TLAVTFVDNH DTEPGQALQS 

GIPQYNIPSL »CSK!DPLUA RRDYAYGTQH 

GSGLAALPTD GPGGSKWMYV 
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(54) TiUe: MULTIPLY-SUBSTITUTED PROTEASE VARIANT AND AMYLASE VARIANT-CONTAINING CLEANING COMPO- 
S 1 1 lON S 

(57) Abstract 

The present invention relates to cleaning compositions comprising a protease variant. One cleaning composition comprises a protease 
variant mcludmg a substitution of an amino acid residue with another naturally occurring amino acid residue at an amino acid residue 
position corresponding to position 103 of Bacillus amyloliquefaciens subtilisin in combination with a substitution of an amino acid residue 
With another naturally occurring amino acid residue at one or more amino acid residue positions corresponding to positions 13 4 8 9 
10, 12, 13, 16. 17, 18, 19, 20, 21, 22, 24, 27, 33, 37, 38, 42, 43, 48, 55, 57, 58, 61. 62, 68, 72, 75, 76. 77, 78, 79, 86. 87 89 97 98 99^ 
101, 102, 104, 106, 107, 109, 111, 114. 116, 117. 119. 121, 123. 126, 128, 130, 131, 133, 134, 137, 140, 141 142 146' 147 158 159^ 
160. 166. 167, 170, 173, 174, 177, 181, 182, 183. 184. 185, 188. 192, 194, 198. 203, 204, 205. 206, 209 21o' 21 T 212^ 213* 214 215* 
216, 217. 218, 222, 224, 227, 228, 230, 232, 236. 237, 238. 240, 242, 243, 244, 245. 246. 247, 248 249 251* 252* 253* 254 255* 256* 
257, 258. 259, 260, 261, 262, 263, 265. 268, 269, 270. 271, 272, 274 and 275 of Bacillus amyloliquefaciens subtilisin; wherein* when said 
protease variant mcludes a substitution of amino acid residues at positions corresponding to positions 103 and 76, there is also a substitution 
of an amino acid residue at one or more amino acid residue positions other than amino acid residue positions corresponding to positions 
27, 99, 101, 1()4, 107, 109. 123, 128, 166, 204, 206, 210. 216, 217, 218, 222. 260, 265 or 274 of Bacillus amyloliquefaciens subtilisin; and 
one or more cleaning adjunct materials. Another cleaning composition comprises a protease variant including a substitution of an amino 
5^ another naturally occurring amino acid residue at one or more amino acid residue positions corresponding to positions 

62. 212, 230, 232, 252 and 257 of Bacillus amyloliquefaciens subtilisin; an amylase variant and one or more cleaning adjunct materials 
Methods for using the cleaning compositions are also provided. 
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MULTIPLY-SUBSTITUTED PROTEASE VARUJVT AND 
AMYLASE VARL\NT-CONTAINING CLEANING COMPOSITIONS 



FIELD OF THE INVENTION 
The present invention relates to cleaning compositions which comprise one or more 
protease enzymes which are multiply-substituted protease variants and one or more 
amylase enzymes which are amylase variants. More particularly, the present invention 
relates to laundry detergent compositions, dishwashing detergent compositions, hard 
surface cleaning compositions and personal cleansing compositions which comprise one or 
more multiply-substituted protease variants and one or more amylase variants. 

BACKGROUND OF THE INVENTION 
Various types of enzymes have long been used in laundry detergents to assist in the 
removal of certain stains from fabrics. Each class of enzyme (amylase, protease, etc.) 
generally catalyzes a different chemical reaction. For example, protease enzymes are 
known for their ability to hydrolyze (break down a compound into two or more simpler 
compounds) other proteins. This ability has been taken advantage of through the 
incorporation of naturally occurring or engineered protease enzymes to laundry detergent 
compositions. 

In recent years the use of enzymes has also been investigated for use in automatic 
dishwashing compositions. Unfortunately, many enzymes, such as many conventional 
protease enzymes, do not translate well into the wash environment. Specifically, thermal 
stability, pH stability, oxidative stability and substrate specificity need to be optimized to 
ensure satisfactory performance. 

U.S. Patent No. RE 34,606 to Estell et al. discloses the modification of subtilisin 
amion acid residues corresponding to positions in Bacillus amylolique/acienx subtilisin 
tyrosine -I, aspartate +32, asparagine-t-l55, tyrosine +104, methionine +222, glycine +166, 
histidine +64, glycine +169, phenylalanine ^ 1 89, serine +33, serine +22 1 , tyrosine +2 1 7, 
glutamate +1S6 and alanine +152. 
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U.S. Patent No. 5,182,204 discloses the modification of the amino acid +224 
residue in Bacillus amyloliquefaciens subtilisin and equivalent positions in other subtilisins 
which may be modified by way of substitution, insertion or deletion and which may be 
combined with modifications to the residues identified in U.S. Patent No. RE 34,606 to 
form useful subtilisin mutants or variants. U.S. Patent No. 5,1 82,204 further discloses the 
modification of many amino acid residues within subtilisin, including specifically +99, 
+101, +103, +107, +126, +128, +135, +197 and +204. 

U.S. Patent No. 5,679,630 to Baeck et al. discloses cleaning compositions 
comprising a protease variant including substitutions of amino acid residues with other 
amino acid residues at positions corresponding to position 76 in combination with one or 
more ofthe following positions 99, 101, 103, 104, 107, 123,27, 105, 109, 126, 128, 135, 
156, 166, 195, 1 97, 204, 206, 2 10, 2 16, 2 17, 2 18, 222, 260, 265 and/or 274 of Bac/7/i« ' 
amyloliquefaciens subtilisin, and one or more cleaning composition materials. 

In addition to protease enzymes, amylase enzymes have been used for a variety of 
different purposes, the most important of which are starch liquefaction, textile desizing, 
starch modification in the paper and pulp industry, and for brewing and baking. A further 
use of amylases, which is becoming increasingly important, is the removal of starch 
containing soils and stains during the washing of fabrics, hard surfaces, and/or dishes. 

WO 94/18314 (Genencor) published August 18, 1994, WO 94/02596 (Novo) 
published February 3, 1994, and WO 95/10603 (Novo) published April 20, 1995, describe 
cleaning compositions which incorporate mutant amylases. 

Other amylases known for use in cleaning compositions include both a- and (3- 
amylases. a-Amylases are known in the art and include those disclosed in U.S. Patent Nos. 
5,003,257; EP 252 666; WO 91/00353; FR 2,676,456; EP 285 123; EP 525 610; EP 368 
341; and British Patent Specification No. 1,296,839 (Novo). 

WO 95/26397 (Novo) published October 5, 1995 discloses an a-amylase having a 
specific activity at least 25% higher than the specific activity of Termamyl® at a 
temperature range of 25°C to 55°C and at a pH value in the range of 8 to 10. 

WO 98/05748 (P&G) published February 12, 1998 discloses variants ofthe a- 
amylases described in WO 95/26397 used in detergent compositions. 

WO 98/30669 (Henkel) published July 16, 1998 discloses a protease and amylase- 
containing detergent composition wherein the protease is a protease mutant in which the 
amino acid leucine present in position 21 1 (BLAP counting method) in the wild-type 
protease is exchanged at this location for an aspartic acid or glutamic acid, and the amylase 
IS an amylae mutant in which at least one methionine, tryptophan, cysteine or tyrosine 
present in the wild-type amylase is removed or exchanged for another amino acid which is 
in particular not cysteine or methionine. Examples of amylase mutants suitable for use in 
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the compositions of WO 98/30669 are disclosed in WO 94/02597 (Novo), WO 95/10603 
G^ovo) and WO 94/18314 (Genencor) and are commercially available as Duramyl® 
(Novo) and Purafect OxAm® (Genencor). 

However, there continues to exist a consumer need for cleaning compositions that 
provide more enhanced and/or improved cleaning (removal and/or reduction) of soils 
and/or stains from substrates over conventional enzyme-containing cleaning compositions 

By the present invention, it has been found that the combination of novel protease 
enzymes which are multiply-substituted protease variants and amylase enzymes which are 
amylase variants, especially a-amylase variants, provide enhanced and/or improved soil 
and/or stain removal benefits over conventional enzyme-containing cleaning compositions 
and/or over cleaning compositions containing the novel protease enzymes of the present 
invention in the absence of the amylase enzymes of the present invention. 

Further, it has been surprisingly found that cleaning compositions comprising the 
novel combination of the novel protease enzymes of the present invention with the amylase 
enzymes of the present invention provide superior cleaning benefits over the cumulative 
cleaning benefits provided by cleaning compositions comprising one or the other, but not 
both, of the novel protease enzymes of the present invention or the amylase enzymes of the 
present invention. 

Accordingly, it is an object of the present invention to provide cleaning 
compositions, especially laundry detergent compositions and/or dishwashing detergent 
compositions, having improved soil and/or stain removal benefits and/or fabric cleaning 
benefits. 

Further, the specific combinations claimed in the present application are not 
identified in any of these prior art references. 

SUMMARY OF THE INVENTION 
The present invention meets the aforementioned needs in that it has been 
surprisingly discovered that the multiply- substituted protease variants of the present 
invention, when used in combination with the amylase variants of the present invention in 
cleaning compositions provide improved and enhanced cleaning ability, including, but not 
limited to, stain and/or soil removal and/or reduction and/or whiteness maintenance and/or 
dingy cleanup and/or spot and/or film removal and/or reduction, over conventional enzyme- 
containing cleaning compositions. 

The multiply-substituted protease variants and amylase variants of the present 
invention are suitable for use in high and low density granular, heavy duty and light duty 
liquids, tablets, as well as synthetic detergent bar compositions, and other cleaning 
compositions. 
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In one aspect of the present invention a cleaning composition comprising: 

(a) a protease variant, preferably an effective amount of a protease variant, more 
preferably from about 0.0001% to about 10% by weight of the cleaning composition of a 
protease variant, wherein said protease variant includes a substitution of an amino acid 
residue with another naturally occurring amino acid residue at an amino acid residue 
position corresponding to position 103 of Bacillus amyloliquefaciens subtilisin in 
combination with a substitution of an amino acid residue with another naturally occurring 
amino acid residue at one or more amino acid residue positions corresponding to positions 
1, 3. 4, 8, 9. 10, 12, 13, 16, 17, 18, 19, 20, 21, 22, 24, 27, 33, 37, 38, 42. 43, 48, 55, 57, 58, 
61, 62, 68, 72, 75, 76, 77, 78, 79, 86, 87, 89, 97, 98, 99, 101, 102, 104, 106, 107, 109, 1 11, 
114, 116, 117, 119, 121, 123, 126, 128, 130, 131, 133, 134. 137, 140, 141, 142, 146, 147,' 
158. 159, 160, 166, 167, 170. 173, 174, 177, 181, 182, 183, 184, 185, 188, 192, 194, 198, 
203 , 204, 205, 206, 209, 2 1 0, 2 1 1 , 2 1 2, 2 1 3, 2 1 4, 2 1 5, 2 1 6, 2 1 7, 2 1 8, 222, 224, 227, 228^ 
230, 232, 236, 237, 238, 240, 242, 243, 244, 245, 246, 247, 248, 249, 251, 252, 253, 254, 
255, 256, 257, 258, 259, 260, 261, 262, 263, 265, 268, 269, 270, 271, 272, 274 and 275 ' 
of Bacillus amyloliquefaciens subtilisin; wherein when said protease variant includes a 
substitution of amino acid residues at positions corresponding to positions 103 and 76, there 
is also a subtitution of an amino acid residue at one or more amino acid residue positions 
other than amino acid residue positions corresponding to positions 27, 99, 101, 104, 107 
109, 123, 128, 166, 204, 206, 210, 216, 217, 218. 222, 260, 265 or 274 of 5ac/7/x« ' 
amyloliquefaciens subtilisin; 

(b) an amylase variant, preferably an effective amount of an amylase variant, more 
preferably from about 0.0001% to about 10% by weight of the cleaning composition of an 
amylase variant, wherein said amylase variant is selected from the group consisting of: 

(i) a-amylase characterized by having a specific activity at least 25% 
higher than the specific activity of Termamyl® at a temperature range of 25°C to 55«'C and 
at a pH value in the range of 8 to 1 0, measured by Phadebas® a-amylase activity assay 
and/or; 

(ii) a-amylase according to (i) comprising the amino acid sequence shown 
in SEQ ID No. 1 or an a-amylase being at least 80% homologous with the amino acid 
sequence shown in SEQ ID No. 1 and/or; 

(iii) a-amylase according to (i) comprising the amino acid sequence shown 
in SEQ ID No. 2 or an a-amylase being at least 80% homologous with the amino acid 
sequence shown in SEQ ID No. 2 and/or; 

(iv) a-amylase according to (i) comprising the following amino acid 
sequence N-terminal: His-His-Asn-Gly-Thr-Asn-Gly-Thr-Met-Met-Gln-Tyr-Phe-Glu-Trp- 
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Tyr-Leu-Pro-Asn-Asp (SEQ ID No. 3) or an a-amylase being at least S0% homologous 
with the ammo acid sequence shown (SEQ ID No. 3) in the N-terminal and/or; 

(V) a-amy]ase according to (i-iv) wherein the a-amylase is obtainable 
from an alkalophilic Bacillus species and/or; 

(vi) a-amylase according to (v) wherein the amylase is obtainable from any 
of the strains NCIB 12289,NCIB 12512, NCIB 12513 and DSM 935 and/or; 

(vii) a-amylase showing positive immunological cross-reactivity with 
antibodies raised against an a-amylase having an amino acid sequence corresponding 
respectively to SEQ ID No. I , ID No. 2, or ID No. 3 and/or; 

(viii) variant of a parent a-amylase, wherein the parem a-amylase ( 1 ) has 
one of the amino acid sequences shown in SEQ ID No. 1, ID No. 2, or ID No. 4, 
respectively, or (2) displays at least 80'/. homology with one or more of said amino acid 
sequences, and/or displays immunological cross-reactivity with an antibody raised against 
an a-amylase having one of said amino acid sequences, and/or is encoded by a DNA 
sequence which hybridizes with the same probe as a DNA sequence encoding an a- 
amylase having one of said amino acid sequences, in which variants: (A) at least one 
amino acid residue of said parent a-amylase has been deleted; and/or (B) at least one 
amino acid residue of said parent a-amylase has been replaced by a different amino acid 
residue; and/or (C) at least one amino acid residue has been inserted relative to said parent 
a-amylase; said variant having an a-amylase activity and exhibiting at least one of the 
following properties relative to said parent a-amylase: increased thermostability; 
increased stability towards oxidation; reduced Ca ion dependency; increased stability 
and/or a-amylolytic activity at neutral to relatively high pH values; increased a-amylolytic 
activity at relatively high temperature; and increase or decrease of the isoelectric point (pi) 
so as to better match the pi value for a-amylase variant to the pH of the medium; and 

(c) one or more cleaning adjunct materials. 

In yet another aspect of the present invention, a fabric cleaning composition 
comprising: 

(a) a protease variant, preferably an effective amount of a protease variant, more 
preferably from about 0.000]o/o to about 10% by weight of the fabric cleaning composition 
of a protease variant, wherein said protease variant is as described above; 

(b) an amylase variant, preferably an effective amount of an amylase variant, more 
preferably from about O.OOOlo/o to about 10% by weight of the cleaning composition of an 
amylase variant, wherein said amylase variant is as described above; 

(c) at least about 5% by weight of the fabric cleaning composition of a surfactant; 

and 

(d) at least about 5% by weight of the fabric cleaning composition of a builder. 
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is provided. 

In still another aspect of the present invention, a method for cleaning a fabric in 
need of cleaning comprising contacting the fabric with the fabric cleaning composition of 
the present invention is provided. 

In still yet another aspect of the present invention, a dishwashing composition 
comprising: 

(a) a protease variant, preferably an effective amount of a protease variant, more 
preferably from about O.OOOlo/o to about 10% by weight of the dishwashing composition of 
a protease variant, wherein said protease variant is as described above; 

(b) an amylase variant, preferably an effective amount of an amylase variant, more 
preferably from about 0.0001% to about 10% by weight of the cleaning composition of an 
amylase variant, wherein said amylase variant is as described above; and 

(c) from about 0.1% to about 10% by weight of a surfactant, 
is provided. 

In still yet another aspect of the present invention, a method for cleaning a dish in 
need of cleaning comprising contacting the dish with the dishwashing composition of the 
present invention is provided. 

In still yet another aspect of the present invention, a personal cleansing 
composition comprising: 

(a) a protease variant, preferably an effective amount of a protease variant, more 
preferably from about 0.001% to about 5% by weight of the personal cleansing composition 
of a protease variant, wherein said protease varaint is as described above; 

(b) an amylase variant, preferably an effective amount of an amylase variant, more 
preferably from about 0.0001% to about 10% by weight of the cleaning composition of an 
amylase variant, wherein said amylase variant is as described above; and 

(c) fi-om about 0.1% to about 95% by weight of the personal cleansing composition 
of a surfactant system; and 

(d) optionally, from about 0.05% to about 50% by weight of the personal cleansing 
composition of an enzyme stabilizer, 

is provided. 

In still yet another aspect of the present invention, a method for personal cleansing 
of a part of the human or lower animal body in need of cleansing comprising contacting the 
part with the personal cleansing composition of the present invention is provided. 

In still yet another aspect of the present invention, a cleaning composition 
comprising: 

(a) a protease variant, preferably an effective amount of a protease variant, more 
preferably from about 0.0001% to about 10% by weight of the cleaning composition of a 
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protease variant, wherein said protease variant includes a substitution of an amino acid 
residue with another naturally occurring amino acid residue at one or more amino acid 
residue positions corresponding to positions 62, 212, 230, 232, 252 and 257 of Bacillus 
amyloliquefaciens subtilisin; 

(b) an amylase variant, preferably an effective amount of an amylase variant, more 
preferably from about 0.0001% to about 10% by weight of the cleaning composition of an 
amylase variant, wherein said amylase variant is selected from the group consisting of: 

(i) a-amylase characterized by having a specific activity at least 25% 
higher than the specific activity of Termamyl® at a temperature range of 25°C to 55°C and 
at a pH value in the range of 8 to 10, measured by Phadebas® a-amylase activity assay 
and/or; 

(ii) a-amylase according to (i) comprising the amino acid sequence shown 
in SEQ ID No. 1 or an a-amylase being at least 80% homologous with the amino acid 
sequence shown in SEQ ID No. 1 and/or; 

(iii) a-amylase according to (i) comprising the amino acid sequence shown 
in SEQ ID No. 2 or an a-amylase being at least 80% homologous with the amino acid 
sequence shown in SEQ ID No. 2 and/or; 

(iv) a-amylase according to (i) comprising the following amino acid 
sequence N-terminal: His-His-Asn-Gly-Thr-Asn-Gly-Thr-Met-Met-Gln-Tyr-Phe-Glu-Trp- 
Tyr-Leu-Pro-Asn-Asp (SEQ ID No. 3) or an a-amylase being at least 80% homologous 
with the amino acid sequence shown (SEQ ID No. 3) in the N-terminal and/or; 

(v) a-amylase according to (i-iv) wherein the a-amylase is obtainable 
from an alkalophilic Bacillus species and/or; 

(vi) a-amylase according to (v) wherein the amylase is obtainable from any 
of the strains NCIB 12289, NCIB 12512, NCIB 12513 and DSM 935 and/or; 

(vii) a-amylase showing positive immunological cross-reactivity with 
antibodies raised against an a-amylase having an amino acid sequence corresponding 
respectively to SEQ ID No. 1, ID No. 2, or ID No. 3 and/or; 

(viii) variant of a parent a-amylase, wherein the parent a-amylase (1) has 
one of the amino acid sequences shown in SEQ ID No. 1, ID No. 2, or ID No. 4, 
respectively, or (2) displays at least 80% homology with one or more of said amino acid 
sequences, and/or displays immunological cross-reactivity with an antibody raised against 
an a-amylase having one of said amino acid sequences, and/or is encoded by a DNA 
sequence which hybridizes with the same probe as a DNA sequence encoding an a- 
amylase having one of said amino acid sequences, in which variants: (A) at least one 
amino acid residue of said parent a-amylase has been deleted; and/or (B) at least one 
amino acid residue of said parent a-amylase has been replaced by a different amino acid 
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residue; and/or (C) at least one amino acid residue has been inserted relative to said parent 
a-amylase; said variant having an a-amylase activity and exhibiting at least one of the 
following properties relative to said parent a-amylase: increased thermostability; 
increased stability towards oxidation; reduced Ca ion dependency; increased stability 
and/or a-amylolytic activity at neutral to relatively high pH values; increased a-amylolytic 
activity at relatively high temperature; and increase or decrease of the isoelectric point (pi) 
so as to better match the pi value for a-amylase variant to the pH of the medium; and 

(c) one or more cleaning adjunct materials, 
is provided. 

In still yet another aspect of the present invention, a fabric cleaning composition 
comprising: 

(a) a protease variant, preferably an effective amount of a protease variant, more 
preferably from about 0.0001% to about 10% by weight of the fabric cleaning composition 
of a protease variant, wherein said protease variant includes a substitution of an amino acid 
residue with another naturally occurring amino acid residue at one or more amino acid 
residue positions corresponding to positions 62, 212, 230, 232, 252 and 257 of Bacillus 
amyloliquefaciens subtilisin; 

(b) an amylase variant, preferably an effective amount of an amylase variant, more 
preferably from about 0.0001% to about 10% by weight of the cleaning composition of an 
amylase variant, wherein said amylase variant is as described above; 

(c) at least about 5% by weight of the fabric cleaning composition, of a surfactant; 

and 

(d) at least about 5% by weight of the fabric cleaning composition, of a builder, 
is provided. 

In still another aspect of the present invention, a method for cleaning a fabric in 
need of cleaning comprising contacting the fabric with the fabric cleaning composition of 
the present invention is provided. 

In still yet another aspect of the present invention, a dishwashing composition 
comprising: 

(a) a protease variant, preferably an effective amount of a protease variant, more 
preferably from about 0.0001% to about 10% by weight of the fabric cleaning composition 
of a protease variant, wherein said protease variant includes a substitution of an amino acid 
residue with another naturally occurring amino acid residue at one or more amino acid 
residue positions corresponding to positions 62, 212, 230, 232. 252 and 257 of Bacillus 
amyloliquefaciens subtilisin; 
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(b) an amylase variant, preferably an effective amount of an amylase variant, more 
preferably from about 0.0001% to about 10% by weight of the cleaning composition of an 
amylase variant, wherein said amylase variant is as described above; and 

(c) from about 0.1% to about 10% by weight of the dishwashing composition, of a 
surfactant, 

is provided. 

In still yet another aspect of the present invention, a method for cleaning a dish in 
need of cleaning comprising contacting the dish with the dishwashing composition of the 
present invention is provided. 

In still yet another aspect of the present invention, a personal cleansing 
composition comprising: 

(a) a protease variant, preferably an effective amount of a protease variant, more 
preferably from about 0.001 % to about 5% by weight of the personal cleansing composition 
of a protease variant, wherein said protease variam includes a substitution of an amino acid 
residue with another naturally occurring amino acid residue at one or more amino acid 
residue positions corresponding to positions 62, 212, 230, 232, 252 and 257 of Bacillus 
amyloliquefaciens subtilisin; 

(b) an amylase variant, preferably an effective amount of an amylase variant, more 
preferably from about 0.0001% to about 10% by weight of the cleaning composition of an 
amylase variant, wherein said amylase variant is as described above; and 

(c) from about 0.1% to about 95% by weight of the personal cleansing composition, 
of a surfactant system; and 

(d) optionally, from about 0.05% to about 50% by weight of the personal cleansing 
composition, of an enzyme stabilizer, 

is provided. 

In still yet another aspect of the present invention, a method for personal cleansing 
of a part of the human or lower animal body in need of cleansing comprising contacting the 
part with the personal cleansing composition of the present invention is provided. 

Accordingly, it is an object of the present invention to provide cleaning 
compositions having a combination of a protease variant and amylase variant capable of 
providing improved and enhanced cleaning of fabrics, dishware, tableware, kitchenware, 
cookware and other hard surface substrates. It is a further object of the present invention to 
provide methods for fabric, dishware, tableware, kitchenware, cookware and other hard 
surface substrate cleansing via the use of the protease variant/amylase variant-containing 
cleaning compositions of the present invention. 

These and other objects, features and advantages will be clear from the following 
detailed description, examples and appended claims. 
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All percentages, ratios and proportions herein are on a weight basis unless 
otherwise indicated. All documents cited herein are hereby incorporated by reference. 

BRIEF DESCRIPTION OF TRF m a WTNfif; 

Figs. 1 A-C depict the DNA and amino acid sequence for Bacillus 
amyloliquefaciens subtilisin and a partial restriction map of this gene. 

Fig. 2 depicts the conserved amino acid residues among subtilisins from Bacillus 
amyloliquefaciens (BPN)' and Bacillus lentus (wild-type). 

Figs. 3 A and 3B depict the amino acid sequence of four subtilisins. The top line 
represents the amino acid sequence of subtilisin from Bacillus amyloliquefaciens subtilisin 
(also sometimes referred to as subtilisin BPN'). The second line depicts the amino acid 
sequence of subtilisin from Bacillus subtilis. The third line depicts the amino acid 
sequence of subtilisin from B, licheniformis. The fourth line depicts the amino acid 
sequence of subtilisin from Bacillus lentus (also referred to as subtilisin 309 in PCT 
WO89/06276). The symbol * denotes the absence of specific amino acid residues as 
compared to subtilisin BPN\ 



PETAILFD DFSCRTPTION OF THE INVKNTTOM 
I. Proteases - Proteases are carbonyl hydrolases which generally act to cleave 
peptide bonds of proteins or peptides. As used herein, "protease*' means a naturally 
occurring protease or recombinant protease. Naturally-occurring proteases include a- 
aminoacylpeptide hydrolase, peptidylamino acid hydrolase, acylamino hydrolase, serine 
carboxypeptidase, metallocarboxypeptidase, thiol proteinase, carboxylproteinase and 
metalloproteinase. Serine, metallo, thiol and acid protease are included, as well as endo 
and exo-proteases. 

The present invention includes protease enzymes which are non-natural ly occurring 
carbonyl hydrolase variants (protease variants) having a different proteolytic activity, 
stability, substrate specificity, pH profile and/or performance characteristic as compared to 
the precursor carbonyl hydrolase from which the amino acid sequence of the variant is 
derived. Specifically, such protease variants have an amino acid sequence not found in 
nature, which is derived by replacement of a plurality of amino acid residues of a precursor 
protease with different amino acids. The precursor protease may be a naturally-occurring 
protease or recombinant protease. As stated earlier, the protease variants are designed to 
have trypsin-like specificity and preferably also be bleach stable. 

The protease variants useful herein encompass the substitution of any of the 
nineteen naturally occurring L-amino acids at the designated amino acid residue positions. 
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Such substitutions can be made in any precursor subtilisin (procaryotic, eucao'otic 
mammalian, etc.). Throughout this application reference is made to various amino'acids by 
way of common one- and three-letter codes. Such codes are identified in Dale. M.W. 

MQlgpulqrGenftics pf BflPfria . John Wiley & Sons, Ltd., Appendix b'. 

The protease variants useful herein are preferably derived from a Bacillus 
subtilisin. More preferably, the protease variants are derived from Bacillus lentus subtilisin 
and/or subtilisin 309. 

CarbonvlHydrobsrs - Carbonyl hydrolases are protease enzymes which hydrolyze 
compounds containing 

O 

II 

C-X 

bonds in which X is oxygen or nitrogen. They include naturally-occurring carbonyl 
hydrolases and recombinant carbonyl hydrolases. Natural ly-occurring carbonyl hydrolases 
pnncipally include hydrolases, e.g., peptide hydrolases such as subtilisins or 
metalloproteases. Peptide hydrolases include a-aminoacylpeptide hydrolase, 
peptidylamino acid hydrolase, acylamino hydrolase, serine carboxypeptidase. 
metallocarboxypeptidase, thiol proteinase, carboxylproteinase and metalloproteinase. 
Serine, metallo, thiol and acid protease's are included, as well as endo and exo-proteases. 

Subtilisins - Subtilisins are bacterial or ftingal proteases which generally act to 
cleave peptide bonds of proteins or peptides. As used herein, "subtilisin" means a 
naturally-occurring subtilisin or a recombinant subtilisin. A series of naturally-occurring 
subtilisins is known to be produced and often secreted by various microbial species. 
Amino acid sequences of the members of this series are not entirely homologous. 
However, the subtilisins in this series exhibit the same or similar type of proteolytic 
activity. This class of serine proteases share a common amino acid sequence defining a 
catalytic triad which distinguishes them from the chymotrypsin related class of serine 
proteases. The subtilisins and chymotrypsin related serine proteases both have a catalytic 
triad comprising aspartate, histidine and serine. In the subtilisin related proteases the 
relative order of these amino acids, reading from amino to carboxy terminus, is aspartate- 
histidine-serine. In the chymotrypsin related proteases, the relative order, however, is 
histidine-aspartate-serine. Thus, subtilisin herein refers to a serine protease having'the 
catalytic triad of subtilisin related proteases. Examples include, but are not limited to. the 
subtilisins identified in Fig. 3 herein. Generally, and for purposes of the present invention, 
numbering of the amino acids in proteases corresponds to the numbers assigned to the 
mature Bacillus amyloliquefaciens subtilisin sequence presented in Fig. 1. 
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Proteagg V^ri^ntS - A "protease variant" has an amino acid sequence which is 
derived from the amino acid sequence of a "precursor protease." The precursor proteases 
include naturally-occurring proteases and recombinant proteases. The amino acid sequence 
of the protease variant is "derived" from the precursor protease amino acid sequence by 
substitution, deletion or insertion of one or more amino acids of the precursor amino acid 
sequence. Such modification is of the "precursor DNA sequence" which encodes the amino 
acid sequence of the precursor protease rather than manipulation of the precursor protease 
enzyme per se. Suitable methods for such manipulation of the precursor DNA sequence 
include methods disclosed herein, as well as methods know to those skilled in the art (see, 
for example, EP 0 328 299, WO 89/06279 and the U.S. patents and applications already 
referenced herein). 

In a preferred embodiment, the protease variants which are protease enzymes 
useful in the present invention cleaning compositions comprise protease variants including 
a substitution of an amino acid residue with another naturally occurring amino acid residue 
at an amino acid residue position corresponding to position 103 of Bacillus 
amyloliquefaciens subtilisin in combination with a substitution of an amino acid residue 
with another naturally occurring amino acid residue at one or more amino acid residue 
positions corresponding to positions 1, 3, 4, 8, 9, 10, 12, 13, 16, 17, 18, 19, 20, 21, 22, 24, 
27, 33, 37, 38, 42, 43, 48, 55, 57, 58, 61, 62, 68, 72, 75, 76, 77, 78, 79, 86, 87, 89, 97, 98, 
99, 101, 102, 104, 106, 107, 109, 111, 114, 116, 117, 119, 121, 123, 126, 128, 130, 131, 
133, 134, 137, 140, 141, 142, 146, 147, 158, 159, 160, 166, 167, 170, 173, 174, 177, 181, 
182, 183, 184, 185, 188, 192, 194, 198, 203,204, 205,206, 209,210,211,212,213,214, 
215, 216, 217, 218, 222, 224, 227, 228, 230, 232, 236, 237, 238, 240, 242, 243, 244, 245, 
246, 247, 248, 249, 251, 252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263, 265, 
268, 269, 270, 271, 272, 274 and 275 of Bacillus amyloliquefaciens subtilisin; wherein 
when said protease variant includes a substitution of amino acid residues at positions 
corresponding to positions 103 and 76, there is also a subtitution of an amino acid residue 
at one or more amino acid residue positions other than amino acid residue positions 
corresponding to positions 27, 99, 101, 104, 107, 109, 123, 128, 166,204,206,210,216, 
217, 218, 222, 260, 265 or 274 of Bacillus amyloliquefaciens subtilisin; and one or more 
cleaning adjunct materials. 

While any combination of the above listed amino acid substitutions may be 
employed, the preferred protease variant enzymes useful for the present invention comprise 
the substitution, deletion or insertion of amino acid residues in the following combinations: 

(1) a protease variant including substitutions of the amino acid residues at position 
103 and at one or more of the following positions 236 and 245; 
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(2) a protease variant including substitutions of the amino acid residues at positions 
103 and 236 and at one or more of the following positions 12,61,62,68 76 97 98,101, 
102, 104, 109. 130, 131. 159, 183. 185, 205, 209, 210. 21 1, 212, 2l3.'2li, 2'l7. 230.' 232.' 
248, 252, 257, 260, 270 and 275; 

(3) a protease variant including substitutions of the amino acid residues at positions 
103 and 245 and at one or more of the following positions 12, 61. 62. 68, 76, 97. 98, 101, 

102, 104, 109. 130, 131. 159, 170, 183, 185,205, 209, 210, 21 1, 212, '213. 215, 21 7. 222,' 
230. 232. 248. 252, 257. 260. 261, 270 and 275; and 

(4) a protease variant including substitutions of the amino acid residues at positions 

103, 236 and 245 and at one or more of the following positions 12. 61. 62. 68, 76, 97, 98, 
101, 102, 104, 109, 130, 131, 159. 183, 185, 205. 209, 210, 211,212. 213. 215, 217, 230,' 
232, 243, 248, 252. 257, 260, 270 and 275. 

A more preferred protease variant useful in the cleaning compositions of the 
present invention include a substitution set (one substitution set per row in the following 
Table I) selected from the group consisting of: 



Table I 
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An even more preferred protease variant useful in the cleaning compositions of the 
present invention include a substitution set (one substitution set per row in the following 
Table II) selected from the group assisting of 



Table n 





























N76D 


A98E 


S103A 


V104I 




















N76D 


S78T 


S103A 


V104I 




















N76D 


S103A 


V1041 


I107V 




















V4E 


N76D 


SI 03 A 


V1041 




















N76D 


SI 03 A 


VI 041 


I246V 




















N76D 


N77D 


S103A 


VI 041 




















N76D 


SI 03 A 


VI 041 


N183D 


N218I 


















A16T 


N76D 


S103A 


VI 041 


N248D 


















AlE 


N76D 


S103A 


V104I 




















N76D 


S103A 


VI04I 


N261D 




















N76D 


S103A 


VI 041 


S160T 




















N76D 


S103A 


VI 041 


S216C 




















H170 


N76D 


S103A 


VI 041 




















S37T 


N76D 


SI 03 A 


V104I 




















N76D 


N77D 


SI 03 A 


V104I 


A174V 


















T38S 


N76D 


SI 03 A 


V104I 




















T38S 


N76D 


SI 03 A 


V104I 


K2370 


















I8V 


N76D 


S103A 


VI 041 




















N76D 


SI 03 A 


V104I 


N183D 




















R19L 


N76D 


S103A 


V1041 




















A13V 


N76D 


SI 03 A 


V104I 






















IN fOU 


SI 03 A 


VI 041 




















N76D 


5 103 A 


V104I 


[^184D 




















N76D ! 


5103A ' 


VlOAl ] 


V252D 




















N76D J 


S103A ^ 


VlOAl ! 


S259C 




















N76D ! 


5103A 1 


/104I ] 


C251T 




















N76D I 


'86S S 


!103A ^ 


/104I 




















I72V } 


^76D S 


!103A ^ 


/104I I 


SII85D 


















N76D S 


!103A > 


nOAl } 


C237E 1 


r274A 


















N76D S 


!103A \ 


noAi s 


•160L 
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N76D S103A VI041 



P55S |N76D Is 103 a I VI 041 



N76D IsiOSA |V104I Ia2S4T 



S240T 



N76D IS103A |n04N N204T 



N76D IS103A |V104I In204D 



N43S |N76D |S103A Ivi041 



N76D IS103A |V1041 Ig139D 



RICH IN76D ISI03A |V104I 



V177A 



T58$ IN76D |S103A |V1041 



N76D IS103A |V104I |a270V 



N76D |SI03A |V104I In185D 



K27N |N76D |s103A ivi041 



N76D Is 103 A | VI 041 Il262M 



N76D |S78P |S103A Ivi041 



S24P |N76D |s103A Iv104! 



N76D |S103A |V1041 |S166G 



Q236R 



K251R 



HITL |N76D |s103A |v1041 



K237E 
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N232K 









SUBSTITUTE SHEET (RULE 26) 

JSDOCID: <WO 9920723A2_IA> 



wo 99/20723 



PCT/US98/22486 



32 



V68A 


S103A 


V104I 


G159D 


A232V 


Q236H 


Q24SR 


N248D 


N232F 










V68A 


S103A 


V104I 


G159D 


A232V 


Q236H 


Q24jR 


N248D 


N232L 










P33S 


V68A 


S103A 


V104I 


0159D 


A232V 


Q236H 


Q243R 


N248D 


N252F 








V68A 


S103A 


V104I 


G159D 


A232V 


Q236H 


0245R 


N248D 


N232K 


T255V 








V68A 


S103A 


V104I 


G159D 


A232V 


Q236H 


0245R 


N248D 


N232K 


S2S6N 








V68A 


SI 03 A 


VI 041 


G159D 


A232V 


Q236H 


Q245R 


N248D 


N232K 


S236E 








V68A 


S103A 


V104I 


G159D 


A232V 


Q236H 


Q245R 


N248D 


N232K 


S236R 








V68A 


SI 03 A 


V104I 


Gl 59D 


A232V 


Q236H 


Q245R 


N248D 


N232K 


T260R 








V68A 


SI 03 A 


V1041 


G159D 


A232V 


0236H 


Q24SR 


N248D 


N232K 


L237R 








V68A 


S103A 


V104I 


G159D 


A232V 


0236H 


Q245R 


N248D 


N232K 


G238D 








I8V 


V68A 


SI 03 A 


VI 041 


G159D 


A232V 


Q236H 


Q243R 


N248D 


N252K 


N269D 






V68A 


SI 03 A 


V104I 


N116S 


G159D 


A232V 


Q236H 


Q245R 


N248D 


N232K 


T260E 






V68A 


S103A 


V104I 


G159D 


A232V 


Q236H 


Q245R 


N248D 


N252K 


N261R 








V68A 


SI 03 A 


VI 041 


G159D 


A232V 


Q236H 


Q245R 


N248D 


N2521C 


N261D 








V68A 


N76D 


SI 03 A 


VI 041 


G159D 


A232V 


Q236H 


Q245R 


N248D 


N232K 








V68A 


S103A 


VI 041 


A232V 


Q236H 


Q245R 


N248D 


N252K 












SI 03 A 


VI 041 


G139D 


A232S 


Q236H 


Q245R 


N248D 


N232K 












V68A 


S103A 


V104I 


G159D 


A232V 


Q236R 


Q243R 


N248D 


N232K 










N18S 


V68A 


SI 03 A 


VI 041 


G159D 


A232V 


Q236H 


Q245R 


N248D 


N252K 








V68A 


S103A 


Vt04I 


G159D 


A232V 


Q236H 


0245V 


N248D 


N252K 










V68A 


N76D 


SIOIT 


S103A 


VI 041 


G159D 


T213R 


N218S 


A232V 


Q236H 


Q243R 


T260A 




V68A 


S103A 


VI 041 


G159D 


A228V 


A232V 


Q236H 


Q243R 


N248D 


N252K 








T33S 


V68A 


N76D 


SI 03 A 


V104I 


G159D 


A232V 


Q236H 


Q243R 


N248D 


N252K 






V68A 


N76D 


E89D 


SI 03 A 


VI 041 


G159D 


P210L 


T213R 


A232V 


Q236H 


Q245R 


T260A 




G61E 


V68A 


N76D 


S103A 


V104I 


G159D 


A232V 


Q236H 


Q24SR 


N248D 


N252K 






SI 03 A 


VI 041 


0159D 


V205I 


P210I 


A232V 


Q236H 


Q245R 












061E 


V68A 


SI 03 A 


VI 041 


SI 30 A 


G159D 


A232V 


Q236H 


Q243R 


N248D 


N2S2K 






G61E 


V68A 


SI 03 A 


V1041 


A133S 


Q137R 


G159D 


A232V 


Q236H 


Q243R 


N248D 


N252K 




G61E 


S103A 


V104I 


A133V 


G159D 


A232V 


Q236H 


Q245R 


N248D 


N232K 








V68A 


SI 03 A 


V104I 


G159D 


A232V 


Q236H 


Q245R 


N248G 


N252K 










V68A 


S103A 


VI 041 


G159D 


N218S 


A232V 


Q236H 


Q243R 


N248D 


N232K 








G61E 


V68A 


S103A 


V104I 


G159D 


S160V 


A232V 


Q236H 


Q243R 


N248D 


N252K 






S3L 


G61E 


V68A 


N76D 


S103A 


V104I 


A232V 


Q236H 


q245R 


N248D 


N232K 






G61E 


V68A 


S103A 


V104I 


G159D 


S167F 


A232V 


Q236H 


Q245R 


N248D 


N252K 






G97E 


SI 03 A 


VI 041 


G159D 


A232V 


Q236H 


Q245R 


N248D 


N232K 










A98D 


S103A 


V1041 


G159D 


A232V 


Q236H 


Q243R 


N248D 


N252K 











SUBSTITUTE SHEET (RULE 26) 

JSDOCID: <WO 9920723A2_IA> 



wo 99/20723 



PCT/US98/22486 



33 



S99E 


SI 03 A 


VI041 


G159D 


A232V 


5236H 


Q243R 


N248D 


N232K 










SIOIE 


SI 03 A 


V104I 


G159D 


A232V 


Q236H 


0245R 


N248D 


N252K 










SlOlO 


S103A 


VI 041 


G159D 


A232V 


Q236H 


0245R 


N248D 


N232K 










G102A 


S103A 


VI 041 


G159D 


A232V 


Q236H 


0245 R 


N248D 


N232K 










S103A 


V1041 


S106E 


G139D 


A232V 


Q236H 


0243R 


N248D 


N232K 










S103A 


V104I 


Q109E 


G159D 


A232V 


Q236H 


Q245R 


N248D 


N252K 










S103A 


V104I 


G139D 


A232V 


Q236H 


0243R 


N248D 


N252K 


N261R 










S103A 


V104I 


O109R 


G139D 


A232V 


Q236H 


Q245R 


N248D 


N232K 










N62D 


SI 03 A 


V104I 


G139D 


A232V 


Q236H 


Q245R 


N248D 


N252K 










SI 03 A 


V104I 


G159D 


N184D 


A232V 


Q236H 


Q245R 


N248D 


N252K 










S103A 


VI 041 


G159D 


S166D 


A232V 


Q236H 


Q245R 


N248D 


N252K 










S103A 


V104I 


G159D 


L217E 


A232V 


0236H 


0245R 


N248D 


N252K 










G20R 


N62D 


SI 03 A 


VI 041 


G139D 


T213R 


A232V 


Q236H 


0243 R 


N248D 


N252K 






N62D 


S103A 


VI 041 


G139D 


T213R 


A232V 


0236H 


Q243R 


N248D 


N232K 








S103A 


VI 041 


G159D 


Q206R 


L217E 


A232V 


Q236H 


0243 R 


N248D 


N232K 








N62D 


S103A 


VI 041 


G159D 


Q206R 


A232V 


Q236H 


0243R 


N248D 


N232K 








S103A 


VI 041 


S130G 


GI39D 


A232V 


Q236H 


Q245R 


N248D 


N252K 










S103A 


VI 041 


P131V 


G139D 


A232V 


Q236H 


0245R 


N248D 


N252K 










K27N 


S103A 


VI 041 


G159D 


A232V 


Q236H 


Q245R 


N248D 


N252K 










T38G 


S103A 


V104I 


G159D 


A232V 


Q236H 


Q245R 


N248D 


N252K 










T38A 


N76D 


S103A 


V104I 


G139D 


T213R 


A232V 


0236H 


Q245R 


T260A 








V68A 


N76D 


S103A 


VI 041 


G139D 


T213R 


A232V 


0236H 


0245R 


T260A 


E2710 






V68A 


N76D 


S103A 


VI 041 


G159D 


Y209W 


T213R 


A232V 


Q236H 


0245R 


T260A 






V68A 


N76D 


SI 03 A 


VI 041 


G139D 


P210I 


T213R 


A232V 


0236H 


Q245R 


T260A 






V68A 


N76D 


S103A 


VI 041 


G139D 


V205I 


T213R 


A232V 


0236H 


0245R 


T260A 






V68A 


N76D 


S103A 


VI 041 


G139D 


P210I 


A232V 


Q236H 


0243R 


T260A 








V68A 


S103A 


V104I 


0159D 


T213R 


A232V 


Q236H 


0243R 


T260A 










N76D 


S103A 


V104I 


G159D 


T213R 


A232V 


Q236H 


0245R 


T260A 










V68A 


S103A 


V104I 


G159D 


Y209W 


A232V 


Q236H 


Q243R 












V68A 


S103A 


V104I 


G159D 


P210I 


A232V 


Q236H 


Q245R 












V68A 


S103A 


V104I 


G159D 


A230V 


A232V 


Q236H 


0245R 












V68A 


SI 03 A 


V104I 


G159D 


L126F 


A232V 


Q236H 


0245R 












V68A 


S103A 


V104I 


G159D 


V205I 


A232V 


Q236H 


0245R 












V68A 


SI 03 A 


V104I 


G159D 


P210L 


A232V 


Q236H 


0243R 












S103A 


VI 041 


G159D 


A230V 


Q236H 


Q245R 
















V68A 


S103A 


VI 041 


0159D 


A232V 


Q236H 


Q245R 


T260A 













SUBSTITUTE SHEET (RULE 26) 

JSDCX^ID: <WO 9920723A2_1A> 



wo 99/20723 



PCT/US98/22486 



34 



St 03 A 


V104I 


G159D 


A232V 


0236H 


Q245R 
















V68A 


S103A 


V104I 


G159D 


A174V 


A232V 


Q236H 


0245R 


L257V 










V68A 


S103A 


V104I 


G159D 


A194S 


A232V 


Q236H 


0245R 


L237V 










V68A 


S103A 


V104I 


G159D 


V209W 


A232V 


Q236H 


0245R 


L257V 










sioaA 


V104I 


G159D 


A232V 


Q236H 


Q245R 


L257V 














V68A 


N76D 


S103A 


V104I 


G159D 


T213R 


A232V 


Q236H 


Q24SR 


T260A 


N261 
W 






V68A 


SI 03 A 


V104I 


G159D 


A232V 


0236H 


0245R 


1J257V 


N261W 










S103A 


VI 041 


G159D 


T2I3R 


A232V 


Q236H 


Q245R 


T260A 












SI 03 A 


V104I 


G159D 


P210I 


A232V 


Q236H 


Q245R 


N248D 


N232K 










SI 03 A 


VI 041 


G159D 


Y209W 


A232V 


Q236H 


Q245R 


L257V 












V68A 


N76D 


S103A 


VI 041 


G159D 


P210L 


T2I3R 


A232V 


Q236H 


Q243R 


T260A 






012R 


S103A 


V104I 


G159D 


V209W 


T213R 


A232V 


Q236H 


0245R 


T260A 








SI 03 A 


VI 041 


Y209W 


A232V 


0236H 


Q245R 


L257V 














S103A 


V104I 


G159D 


V205I 


P210I 


T213R 


A232V 


Q236H 


Q245R 


T260A 








SI 03 A 


VI 041 


G159D 


V205I 


Y209W 


A232V 


Q236H 


Q245R 


T260A 










V68A 


SI 03 A 


V104I 


G159D 


V205I 


Y209W 


P210I 


A232V 


Q236H 


Q243R 








SI 03 A 


V104I 


G159D 


V205I 


Y209W 


P210I 


A232V 


0236H 


Q245R 


L237V 








S103A 


V104I 


0159D 


V205I 


Y209W 


A232V 


Q236H 


Q245R 


L237V 










V68A 


S103A 


VI 041 


G159D 


V205I 


Y209W 


P210I 


A232V 


Q236H 


Q243R 


T260A 






S103A 


VI04I 


G159D 


V205I 


Y209W 


P210I 


A232V 


Q236H 


0245R 










SI 03 A 


V104I 


G159D 


Y209W 


P210I 


A232V 


Q236H 


Q245R 












S103A 


VI 041 


G159D 


V205I 


P210I 


A232V 


Q236H 


Q245R 












V68A 


S103A 


V104I 


S128L 


0159D 


A232V 


0236H 


Q245R 












A48V 


S103A 


V104I 


G159D 


A230V 


Q236H 


Q245R 














A48V 


V68A 


S103A 


V104I 


G139D 


Y209W 


A232V 


Q236H 


Q245R 










A48V 


V68A 


S103A 


VI 041 


G159D 


A232V 


Q236H 


Q245R 


N248D 


N232K 








A48V 


V68A 


SI 03 A 


V104I 


G159D 


A232V 


Q236H 


Q245R 


L237V 


N261W 








G102A 


SI 03 A 


VI 041 


G159D 


S212G 


A232V 


Q236H 


Q245R 


N248D 


N252K 








Q12R 


G102A 


S103A 


VI 041 


G159D 


S212G 


A232V 


Q236H 


Q24SR 


N248D 


N232K 






SIOIG 


G102A 


SI 03 A 


VI 041 


G159D 


S212G 


A232V 


Q236H 


Q243R 


N248D 


N232K 






A98L 


G102A 


SI03A 


V104I 


GI59D 


S212G 


A232V 


Q236H 


Q243R 


N248D 


N252K 






O102A 


S103A 


VI 041 


G159D 


T213R 


A232V 


0236H 


Q245R 


N248D 


N232K 








S103A 


V104I 


P131V 


G159D 


A232V 


Q236H 


Q245R 


N248D 


N252K 










S103A 


V104I 


G139D 


N184S 


A232V 


Q236H 


Q245R 


N248D 


N232K 










SI03A 


VI 041 


G159D 


N184G 


A232V 


Q236H 


Q245R 


K248D 


N232K 











SUBSTITUTE SHEET (RULE 26) 



4SDOCID: <WO 9920723A2_)A> 



wo 99/20723 
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S103A 


VI 041 


G159D 


A232V 


Q236H 


V244T 


Q243R 


N248D 


N252K 










SI 03 A 


V104I 


G159D 


A232V 


Q236H 


V244A 


Q245R 


N248D 


N232K 










N62D 


SI 03 A 


VI 041 


G159D 


T213R 


A232V 


Q236H 


0243R 


N248D 


N252K 


S236R 






Q12R 


N62D 


SI 03 A 


V104I 


0139D 


T2I3R 


A232V 


0236H 


Q243R 


N248D 


N252K 






SlOlO 


S103A 


V104I 


GI59D 


N183D 


A232V 


Q236H 


0245R 


N248D 


N232K 








SIOIG 


S103A 


V104I 


GI59D 


Q206E 


A232V 


C?236H 


0245R 


N248D 


N252K 








SIOIG 


SI 03 A 


V104I 


G139D 


T2130 


A232V 


Q236H 


Q243R 


N248D 


N232K 








A98L 


G102A 


SI 03 A 


VI 041 


G159D 


A232V 


Q236H 


Q243R 


N248D 


N252K 








SIOIG 


G102A 


S103A 


V104I 


GI59D 


A232V 


Q236H 


Q245R 


N248D 


N232K 








A98L 


GI02A 


S103A 


VI 041 


G159D 


S212G 


A232V 


Q236H 


Q245R 


N248D 


N252K 






A98L 


G102A 


SI 03 A 


V104I 


G139D 


S2I2G 


A232V 


Q236H 


N248D 


N232K 








N62D 


S103A 


VI 041 


Q109R 


G139D 


T213R 


A232V 


Q236H 


Q245R 


N248D 


N232K 






N62D 


SI 03 A 


VI 041 


GI59D 


S212G 


T213R 


A232V 


Q236H 


Q243R 


N248D 


N232K 






N62D 


SIOIG 


SI 03 A 


VI 041 


G139D 


S2I2G 


T213R 


A232V 


Q236H 


Q245R 


N248D 


N232K 




SI 03 A 


VI 041 


G159D 


A232V 


Q245R 


N248D 


N232K 














S103A 


VI 041 


G159D 


A230V 


Q243R 






















V104I 


S130G 


G139D 


T213R 


A232V 


Q236H 


Q245R 


N248D 


N252K 






SIOIG 


SI 03 A 


VI 041 


S130G 


G159D 


A232V 


Q236H 


Q243R 


N248D 


N252K 








SIOIG 


SI 03 A 


VI 041 


S128G 


G139D 


A232V 


Q236H 


Q243R 


N248D 


N232K 








SIOIG 


SI 03 A 


VI04I 


SI28L 


G139D 


A232V 


Q236H 


Q243R 


N248D 


N252K 








N62D 


SIOIG 


S103A 


V104I 


G139D 


T213R 


A232V 


Q236H 


Q243R 


N248D 


N232K 






N62D 


SI 03 A 


VI 041 


SI28G 


G139D 


T213R 


A232V 


Q236H 


Q243R 


N248D 


N252K 






N62D 


SI 03 A 


VI 041 


SI28L 


G159D 


T213R 


A232V 


Q236H 


Q245R 


N248D 


N252K 






SIOIG 


SI 03 A 


V104I 


G139D 


A232V 


Q236H 


Q245R 


N248D 


N252K 


T260A 








SIOIG 


SI 03 A 


VI 041 


P131V 


G159D 


A232V 


Q236H 


Q243R 


N248D 


N252K 








A98V 


SIOIG 


S103A 


VI 041 


GI39D 


A232V 


Q236H 


Q243R 


N248D 


N232K 








S99G 


SIOIG 


SI03A 


VI 041 


G139D 


A232V 


Q236H 


Q245R 


N248D 


N232K 








SIOIG 


SI 03 A 


VI 041 


G159D 


S212G 


A232V 


Q236H 


Q245R 


N248D 


N252K 


































SIOIG 


SI 03 A 


V104I 


G159D 


y209W 


A232V 


Q236H 


Q245R 


N248D 


N232K 








SIOIG 


SI 03 A 


VI 041 


G139D 


P210I 


A232V 


Q236H 


Q243R 


N248D 


N232K 








SIOIG 


S103A 


V104I 


GI39D 


V203I 


A232V 


Q236H 


Q245R 


N248D 


N252K 








SIOIG 


SI 03 A 


VI04I 


G139D 


A230V 


0236H 


0245R 














SIOIG 


SI 03 A 


V104I 


GI59D 


A194P 


A232V 


0236H 


Q243R 


N248D 


N232K 








N76D 


SIOIG 


SI03A 


VI 041 


G159D 


A194P 


A232V 


Q236H 


Q243R 


N248D 


N252K 






SIOIG 


S103A 


V104I 


G139D 


A230V 


A232V 


Q236H 


Q243R 


N248D 


N232K 









SUBSTITUTE SHEET (RULE 26) 



JSDOCID: <WO 9920723A2JA> 



wo 99/20723 



PCT/US98/22486 



36 



N62D 


S103A 


V104I 


0159D 


N185D 


Q206E 


T213R 


A232V 


0236H 


Q245R 


K348D 


N232K 


E271Q 



Still yet an even more preferred protease variant useful in the cleaning composition of 
the present invention include a substitution set selected from the group consisting of the 
substitution sets in Table I except for the following substitution sets of Table ID: 



Table HI 



76 


103 


104 


259 
















76 


86 


103 


104 
















76 


103 


104 


130 
















76 


99 


103 


104 


204 














76 


103 


104 


242 
















76 


103 


104 


104 


182 


198 












21 


76 


103 


104 


182 














76 


103 


104 


119 


137 














76 


103 


104 


173 


222 














61 


76 


103 


104 


222 














68 


76 


103 


104 


116 


159 


170 


185 


232 


236 


245 



Still yet an even more preferred protease variant useful in the cleaning composition of 
the present invention include a substitution set selected from the group consisting of the 
substitution sets in Table IV: 



Tab! 



76 


103 


104 


222 


245 
















76 


103 


104 


222 


249 
















68 


103 


104 


159 


232 


236 


245 


252 










68 


76 


103 


104 


159 


213 


232 


236 


245 


260 






22 


68 


76 


103 


104 
















68 


103 


104 


159 


232 


236 


245 


248 


252 








68 


103 


104 


159 


232 


236 


245 












68 


103 


104 


140 


159 


232 


236 


245 


252 








43 


68 


103 


104 


159 


232 


236 


245 


252 








43 


68 


103 


104 


159 
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Still yet an even more preferred protease variant useful in the cleaning composition of 
the present invention include a substitution set selected from the group consisting of the 
substitution sets in Table V: 



Table V 

bl59D Ia228V |A232V |Q236H 



V68A S103A V104I 
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A232V 
A232V 
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A highly preferred protease variant useful in the cleaning comp(jsitions of the 
present invention include a substitution set selected from the group consisting of: 

12/102/103/104/159/212/232/236/245/248/252; 12/76/103/104/130/170/185/222/243/245; 
1 2/76/103/104/1 30/222/245/261 ; 1 2/76/1 03/1 04/1 30/222/245; 

12/76/103/104/222/245; 

61 /68/1 03/1 04/1 59/232/236/245/248/252; 62/ 1 03/1 04/1 59/2 1 3/232/236/245/248/252; 
62/1 03/1 04/1 09/1 59/21 3/232/236/245/248/252; 62/1 03/1 04/1 59/232/236/245/248/252; 
62/1 01/1 03/1 04/1 59/212/21 3/232/236/245/248/252; 

62/103/104/130/159/213/232/236/245/248/252; 68/103/104/159/232/236/245/248/252/270 
68/103/104/159/185/232/236/245/248/252; 68/103/104/159/210/232/236/245/248/252 
68/1 03/1 04/1 59/1 85/210/232/236/245/248/252; 68/103/1 04/1 59/213/232/236/245/248/252 



68/1 03/1 04/1 59/230/232/236/245; 
68/103/104/232/236/245/248/257/275; 
68/1 03/1 04/1 59/232/236/245/248/252; 
68/76/103/104/159/236; 
68/76/103/104/159/232/236/245; 
68/1 03/1 04/1 59/232/236/245 ; 
68/76/103/104/159/211/232/236/245; 
68/1 03/1 04/1 59/2 1 0/232/236/245; 
68/76/103/1 04/1 59/213/232/236/245/260; 
68/76/1 03/1 04/1 59/210/232/236/245/260; 

68/103/104/159/183/232/236/245/248/252; 

68/103/104/232/236/245/257/275; 

76/103/222/245; 

76/ 1 03/1 04/1 59/232/236/245 ; 

76/103/104/159/213/232/236/245/260; 

76/103/104/131/159/232/23-6/245/248/252; 

98/102/1 03/104/1 59/212/232/236/245/248/252; 98/1 03/1 04/1 59/232/236/245/248/252; 



68/76/1 03/ 1 04/1 59/209/232/236/245; 
68/103/104/213/232/236/245/248/252; 
68/103/104/159/209/232/236/245; 
68/76/1 03/ 1 04/1 59/236/245; 
68/103/104/159/232/236/245/252; 
68/103/104/159/232/236/245/257; 
68/76/1 03/1 04/1 59/2 1 5/232/236/245; 
68/103/104/159/213/232/236/245/260; 
68/103/104/159/236; 
68/103/104/159/236/245; 
68/76/103/104/159/236/245; 
68/103/104/159/213/232/236/245; 
76/103/104/222/245; 

76/103/104/159; 

97/1 03/1 04/1 59/232/236/245/248/252; 



101/103/104/159/232/236/245/248/252; 
103/1 04/159/232/236/245; 
1 03/1 04/1 59/205/209/232/236/245/257 
103/1 04/1 59/205/209/2 1 0/232/236/245/257; 
1 03/1 04/1 59/2 1 7/232/23 6/245/248/252; 
1 03/1 04/1 59/230/236/245; 
103/104/159/248/252/270; 
103/104/159/205/209/232/236/245; and 



102/103/104/159/232/236/245/248/252; 

1 03/1 04/1 59/232/236/245/248/252; 

1 03/1 04/1 59/232/245/248/252; 

1 03/1 04/1 59/2 1 3/232/236/245/248/252; 

1 03/104/1 30/1 59/232/236/245/248/252; 

103/104/159/236/245; 

103/104/131/159/232/236/245/248/252; 

103/104/159/232/236/245/257. 
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A more highly preferred protease variant useful in the cleaning compositions of the 
present invention include a substitution set selected from the group consisting of: 

12R/76D/1 03A/1 04T/1 30T/222S/245R; 
12R/76D/103A/1 04I/222S/245R; 
12R/102A/103A/104I/159D/212G/232V/236H/245R/248D/252K; 
12R/76D/ 1 03 A/1 04T/1 30G/222S/245R/26 1 D; 
12R/76D/1 03A/1 04T/130G/1 70S/1 85D/222S/243D/245R; 
61 E/68A/1 03A/1 041/1 59D/232V/236H/245R/248D/252K; 
62D/1 03 A/1 041/1 09R/1 59D/2 1 3R/232V/236H/245R/248D/252K; 
62D/103A/104I/159D/213R/232V/236H/245R/248D/252K; 
62D/1 03A/1 041/1 59D/232V/236H/245R/248D/252K; 
62D/1 03 A/1 041/1 30G/1 59D/21 3R/232V/236H/245R/248D/252K; 
62D/1 0 1 G/1 03 A/1 041/1 59D/2 1 2G/2 1 3R/232V/236H/245R/248D/252K; 
68A/1 03 A/1 041/ 1 59D/232V/236H/245R/248D/252K/270A; 
68A/76D/1 03A/1 041/1 59D/2 1 3R/232V/236H/245R/260A; 
68A/1 03A/1 041/1 59D/236H; 
68A/1 03 A/1 041/1 59D/236H/245R; 
68A/76D/1 03 A/1 041/1 59D/2 1 01/232V/236H/245R/260A; 
68A/103A/104I/159D/183D/232V/236H/245R/248D/252K; 
68A/103A/104I/159D/209W/232V/236H/245R; 
68A/76D/1 03 A/1 041/1 59D/2 1 1 R/232V/236H/245R; 
68A/76D/1 03 A/1 041/1 59D/2 1 5R/232V/236H/245R; 
68A/1 03 A/1 041/1 59D/2 1 3R/232V/236H/245R/260A; 
68A/76D/103A/104I/159D/236H; 
68A/76D/103A/104I/159D/236H/245R; 
68A/76D/1 03 A/1 041/1 59D/232V/236H/245R; 
68A/1 03 A/1 041/1 59D/232V/236H/245R/252K; 

68A/103A/1041/159D/232V/236H/245R; 
68A/1 03 A/1 041/1 59D/232V/236H/245R/257V; 
68A/103A/1 041/1 59D/1 85D/232V/236H/245R/248D/252K; 
68A/1 03 A/1041/1 59D/210L/232V/236H/245R/248D/252K; 
68A/1 03A/1 041/1 59D/1 85D/2 1 0L/232V/236H/245R/248D/252K; 
68A/103A/104I/159D/213E/232V/236H/245Ry248D/252K; 
68A/1 03A/1 041/1 59D/230V/232V/236H/245R; 
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68A/76D/1 03A/1 041/1 59D/209W/232V/236H/245R; 
68A/1 03A/1 04I/232V/236H/245R/248D/257V/275H; 

68A/1 03 A/1 04I/232V/236H/245R/257V/275H; 
68A/1 03A/1 04I/213E/232V/236H/245R/248D/252K; 
68A/1 03 A/1 041/1 59D/232V/236H/245R/248D/252K; 
68A/1 03 A/1 041/1 59D/21 0I/232V/236H/245R; 
68A/1 03 A/1 041/1 59D/2 1 0L/232V/236H/245R; 
68A/1 03 A/1 041/1 59D/2 1 3G/232V/236H/245R; 
76D/103A/222S/245R; 
76D/1 03A/1 04I/222S/245R; 
76D/1 03 A/1 041/1 59D/232V/236H/245R; 
76D/1 03 A/1 041/1 59D; 
76D/1 03 A/1 041/ 1 3 1 V/1 59D/232V/236H/245R/248D/252K; 
76D/1 03 A/1 041/1 59D/2 1 3R/232V/236H/245R/260A; 
97E/1 03 A/1 041/1 59D/232V/236H/245R/248D/252K; 
98L/103A/104I/159D/232V/236H/245R/248D/252K; 
98L/1 02A/1 03 A/ 1 041/1 59D/2 1 2G/232V/236H/245R/248D/252K; 
1 0 1 G/1 03 A/1 041/1 59D/232V/236H/245R/248D/252K; 
1 02A/1 03 A/1 041/1 59D/232V/236H/245R/248D/252K; 

103A/1 041/1 59D/232V/236H/245R/248D/252K; 
1 03A/1 041/1 59D/213R/232V/236H/245R/248D/252K; 
103A/1041/130G/159D/232V/236H/245R/248D/252K; 

1 03 A/1 041/1 59D/230V/236H/245R; 
1 03 A/1 041/1 59D/2 1 7E/232V/236H/245R/248D/252K; 
1 03A/1 041/1 59D/236H/245R; 
1 03 A/ 1 041/1 59D/248D/252K/270V; 
1 03 A/1 041/1 59D/232V/236H/245R; 
1 03A/1 041/1 59D/205I/209W/232V/236H/245R; 
1 03 A/1 041/1 59D/232V/236H/245R/257V; 
103A/104I/159D/205I/209W/232V/236H/245R/257V; 
1 03 A/1 041/1 3 1 V/159D/232V/236H/245R/248D/252K; 
1 03A/1 041/1 59D/205I/209W/2 1 0I/232V/236H/245R/257V; and 
1 03 A/1 041/1 59D/232V/245R/248D/252K. 

An even more highly preferred protease variant useful in the cleaning compositions 
of the present invention include a substitution set selected from the group consisting of: 
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12/76/103/104/130/222/245/261 ; 
62/1 03/1 04/1 59/232/236/245/248/252; 
62/103/104/159/213/232/236/245/248/252; 
62/ 1 0 1/1 03/ 1 04/1 59/2 1 2/2 1 3/232/236/245/248/252; 
68/103/104/1 59/232/236/245; 
68/1 03/1 04/1 59/230/232/236/245; 
68/1 03/1 04/1 59/209/232/236/245 ; 
68/103/104/159/232/236/245/257; 
68/76/ 1 03/1 04/1 59/2 1 3/232/236/245/260; 
68/103/104/159/213/232/236/245/248/252; 
68/1 03/1 04/1 59/1 83/232/236/245/248/252; 
68/1 03/1 04/1 59/1 85/232/236/245/248/252; 
68/103/1 04/1 59/1 85/2 1 0/232/236/245/248/252; 
68/1 03/1 04/1 59/2 1 0/232/236/245/248/252; 
68/103/104/159/213/232/236/245; 
98/1 03/1 04/1 59/232/236/245/248/252; 
98/1 02/1 03/1 04/1 59/2 1 2/232/236/245/248/252; 
101/103/104/159/232/236/245/248/252; 
1 02/1 03/1 04/1 59/232/236/245/248/252; 
1 03/104/1 59/230/236/245; 
1 03/1 04/159/232/236/245/248/252; 
103/1 04/1 59/21 7/232/236/245/248/252; 
103/104/130/159/232/236/245/248/252; 
103/104/131/159/232/236/245/248/252; 
103/104/159/213/232/236/245/248/252; and 
1 03/104/1 59/232/236/245 . 

The most highly preferred protease variant useful in the cleaning compositions of 
the present invention include a substitution set selected from the group consisting of: 

1 2R/76D/ 1 03 A/ 1 04T/ 1 3 0T/222S/24 5R/26 1 D; 
62D/103A/104I/159D/232V/236H/245R/248D/252K; 
62D/103A/104I/159D/213R/232V/236H/245R/248D/252K; 

68A/1 03 A/1 041/1 59D/209W/232V/236H/245R; 
68A/76D/1 03 A/ 1 041/1 59D/2 1 3R/232V/23 6H/245R/260A; 
68A/103A/1041/159D/213E/232V/236H/245R/248D/252K; 
68A/1 03 A/1 041/1 59D/1 83D/232V/236H/245R/248D/252K; 
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68A/1 03 A/1 041/1 59D/232V/236H/245R; 
68A/103A/104I/159D/230V/232V/236H/245R; 
68A/103 A/1 041/1 59D/232V/236H/245R/257V; 
68A/1 03 A/1 041/1 59D/2 1 3G/232V/236H/245R/248D/252K; 
68A/ 1 03 A/ 1 041/ 1 59D/ 1 85D/232 V/23 6H/245R/248D/252K; 
68A/1 03 A/1 041/1 59D/1 85D/2 1 0L/232V/236H/245R/248D/252K; 
68A/1 03 A/1 041/1 59D/2 1 0L/232V/236H/245R/248D/252K; 
68A/1 03 A/1 041/1 59D/2 1 3G/232V/236H/245R; 
98L/1 03A/1 041/1 59D/232V/236H/245R/248D/252K; 
98L/1 02A/1 03 A/1 041/1 59D/2 1 2G/232V/236H/245R/248D/252K; 
101G/103A/104I/159D/232V/236H/245R/248D/252K; 
1 02A/1 03A/1 041/1 59D/232V/236H/245R/248D/252K; 
103A/104I/159D/230V/236H/245R; 
1 03A/1 041/1 59D/232V/236H/245R/248D/252K; 
1 03 A/1 041/1 59D/2 1 7E/232V/236H/245R/248D/252K; 
1 03 A/1 041/1 30G/1 59D/232V/236H/245R/248D/252K; 
1 03 A/1 041/1 3 1 V/1 59D/232V/236H/245R/248D/252K; 
1 03 A/ 1 041/ 1 59D/2 1 3R/232V/236H/245R/248D/252K; and 
1 03 A/1 041/ 1 59D/232V/23 6H/245R. 

In another preferred embodiment, the protease variants which are the protease 
enzymes useful in the cleaning compositions of the present invention comprise protease 
variants including a substitution of an amino acid residue with another naturally occurring 
amino acid residue at one or more amino acid residue positions corresponding to positions 
62, 212, 230, 232, 252 and 257 of Bacillus amyloliquefaciens subtilisin. 

While any combination of the above listed amino acid substitutions may be 
employed, the preferred protease variant enzymes useful for the present invention comprise 
the substitution, deletion or insertion of amino acid residues in the following combinations: 

(1) a protease variant including substitutions of the amino acid residues at position 
62 and at one or more of the following positions 103, 104, 109, 159, 213, 232, 236, 245, 
248 and 252; 

(2) a protease variant including substitutions of the amino acid residues at position 
212 and at one or more of the following positions 12, 98, 102, 103, 104, 159, 232, 236, 245, 
248 and 252; 

(3) a protease variant including substitutions of the amino acid residues at position 
230 and at one or more of the following positions 68, 103, 104, 159, 232, 236 and 245; 
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(4) a protease variant including substitutions of the amino acid residues at position 
232 and at one or more of the following positions 12, 61, 62, 68, 76, 97, 98, 101, 102, 103, 
104, 109, 130, 131, 159, 183, 185, 205, 209, 210, 212, 213, 217, 230, 236, 245, 248, 252, 
257, 260, 270 and 275; 

(5) a protease variant including substitutions of the amino acid residues at position 
232 and at one or more of the following positions 103, 104, 236 and 245; 

(6) a protease variant including substitutions of the amino acid residues at position 
232 and 103 and at one or more of the following positions 12, 61, 62, 68, 76, 97, 98, 101, 
102, 103, 104, 109, 130, 131, 159, 183, 185, 205, 209, 210, 212, 213, 217, 230, 236, 245, 
248, 252, 257, 260, 270 and 275; 

(7) a protease variant including substitutions of the amino acid residues at position 
232 and 104 and at one or more of the following positions 12, 61, 62, 68, 76, 97, 98, 101, 
102, 103, 104, 109, 130, 131, 159, 183, 185, 205, 209, 210, 212, 213, 217, 230, 236, 245, 
248, 252, 257, 260, 270 and 275; 

(8) a protease variant including substitutions of the amino acid residues at position 
232 and 236 and at one or more of the following positions 12, 61, 62, 68, 76, 97, 98, 101, 
102, 103, 104, 109, 130, 131, 159, 183, 185, 205, 209, 210, 212, 213, 217, 230, 236, 245, 
248, 252, 257, 260, 270 and 275; 

(9) a protease variant including substitutions of the amino acid residues at position 
232 and 245 and at one or more of the following positions 12, 61, 62, 68, 76, 97, 98, 101, 
102, 103, 104, 109, 130, 131, 159, 183, 185, 205, 209, 210, 212, 213, 217, 230, 236, 245, 
248, 252, 257, 260, 270 and 275; 

(10) a protease variant including substitutions of the amino acid residues at position 
232, 103, 104, 236 and 245 and at one or more of the following positions 12, 61, 62, 68, 76, 
97,98, 101, 102, 103, 104, 109, 130, 131, 159, 183, 185,205, 209,210,212,213,217, 230, 
236, 245, 248, 252, 257, 260, 270 and 275; 

(1 1) a protease variant including substitutions of the amino acid residues at position 
252 and at one or more of the following positions 12, 61, 62, 68, 97, 98, 101, 102, 103, 104, 
109, 130, 131, 159, 183, 185, 210, 212, 213, 217, 232, 236, 245, 248 and 270; 

(12) a protease variant including substitutions of the amino acid residues at position 
252 and at one or more of the following positions 103, 104, 236 and 245; 

(13) a protease variant including substitutions of the amino a cid residues at 
positions 252 and 103 and at one or more of the following positions 12, 61, 62, 68, 97, 98, 
101, 102, 103, 104, 109, 130, 131, 159, 183, 185,210,212,213,217,232, 236, 245,248 
and 270; 

(14) a protease variant including substitutions of the amino acid residues at 
positions 252 and 104 and at one or more of the following positions 12, 61, 62, 68, 97, 98, 
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101, 102, 103, 104, 109, 130, 131, 159, 183, 185, .10, 212, 213, 217, 232, 236, 245, 248 
and 270; 

(15) a protease variant including substitutions of the amino acid residues at 
positions 252 and 236 and at one or more of the following positions 12, 61, 62, 68, 97, 98, 
101, 102, 103, 104, 109, 130, 131, 159, 183, 185, 210, 212, 213, 217, 232, 236, 245, 248 
and 270; 

(16) a protease variant including substitutions of the amino acid residues at 
positions 252 and 245 and at one or more of the following positions 12, 61, 62, 68, 97, 98, 
101, 102, 103, 104, 109, 130, 131, 159, 183, 185, 210, 212, 213, 217, 232, 236, 245, 248 
and 270; 

(17) a protease variant including substitutions of the amino acid residues at 
positions 252, 103, 104, 236 and 245 and at one or more of the following positions 12, 61, 
62, 68, 97, 98, 101, 102, 103, 104, 109, 130, 131, 159, 183, 185,210,212,213,217, 232, 
236, 245, 248 and 270; and 

(18) a protease variant including substitutions of the amino acid residues at position 
257 and at one or more of the following positions 68, 103, 104, 205, 209, 210, 232, 236, 
245 and 275. 

A more preferred protease variant useful in the cleaning compositions of the 
present invention include a substitution set (one substitution set per row in the following 
Table VI) selected from the group consisting of: 
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Zl J 


979 
ZJZ 


97^^ 
ZJO 


945 

Zn J 


9451 


959 

ZJZ 










x\}*^ 


1 SO 


ZjZ 


Z^O 


94S 

Z^ J 


94S 


959 

ZJZ 


9fin 

ZOV 








lUl 


1 m 




171 


1 

xDy 


979 
ZJZ 


97/; 

ZJO 


945 
Z*r J 


94R 
Zno 


959 

ZJZ 








OS 
Vo 


ini 




1 f\A 


1 f 0 


979 
ZJZ 


971^ 
ZJO 


945 
Z*r J 


94R 
Zho 


959 
ZJZ 








00 


ini 

X\J X 


1 ni 


104 


1 ^0 


979 
ZJZ 


97^ 
ZJO 


945 
Z*» J 


94R 
Z4o 


959 

ZJZ 








lUl 




mil 


1 


Z iZ 


979 
ZJZ 


97A 
ZJO 


94^ 


9451 


9^9 
ZJZ 












mA 


1 


'>nQ 


979 
ZJZ 


97A 
ZJO 


94^ 
Z't J 


9451 
ZHo 


959 

ZJZ 










ini 


in J. 


1 ^0 


'Jin 

ZiW 


979 
ZJZ 


97fi 

ZJO 


945 

ZH J 


9451 
Z^o 


959 

ZJZ 








101 


103 


104 


159 


205 


232 


236 


245 


248 


252 








101 


103 


104 


159 


230 


236 


245 














101 


103 


104 


159 


194 


232 


236 


245 


248 


252 








76 


101 


103 


104 


159 


194 


232 


236 


245 


248 


252 






101 


103 


104 


159 


230 


232 


236 


245 


248 


252 








62 


103 


104 


159 


185 


206 


213 


232 


236 


245 


248 


252 


271 



An even more preferred protease variant useful in the cleaning compositions of the 
present invention include a substitution set (one substitution set per row in the following 
Table VII) selected from the group consisting of: 



Table VII 



N76D 


S103A 


VI 041 


S212P 


E271V 
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N76D 



S103A Ivi041 IN252K |N261Y 



N76D 



S103A lviQ41 IS212P |G238R 



V4E 



N76D lsi03A |vi04I |g159D |l217E N252D 



Q12H 



N62H In76D |s103A |v104I |G159D 



N76D 



S103A|V1041 |S212P |V268F |E271V 



IN76D 



S87R |S103A lV1041 lS212P |E271V 



N76D 



S103a|v1041 1S212P 1Q245L |E271V 



N76D 



S103aIv1041 |t134S |s141N |S212P |E271V 



N76D 



S103aIv1041 |s212P |Q236L |N243S E271V 



G20V 



N62S |N76D Is103A |V1041 



N76D lsi03A lvi041 |g159D |a232V Q236H Q24SR 



N76D 



S103a|v104I A232V Q245R 



S24T 



V68A |n76D |S103A |vi04I |g159D |a232V Q236H 



0245R 



V68A 



S103A V104I G159D A232V Q236H Q245R N252K 



V68A 



N76D lsi03A |vi04I |g159D T213R A232V p236H 



Q24SR 



T260A 



V68A 



SI03A V104I G159D A232V Q236H Q24SR N248D 



N252K 



V68A 



S103a|v104I G159D A232V Q236H p245R 



V68A 



S103a|v1041 N140D G159D A232V Q236H Q245R 



N252K 



V68A |si03A |V104I |g159D A232V Q236H Q24SR 



N252K 



V68A lsi03A IV104I |g159D |a232V |Q236H p245R 



V68A |S103A |V104I |g159D A232V Q236H Q245R 



N252K 



V68A 



S87G |si03A lvi04I |g159D |a232V Q236H Q245R 



N252K 



R275S 



V68A 



S103a|v104! |g159D |a232V p236H b245R L257V 



S103a|v104I In116P |g159D A232V p236H p245R 



V68A 



S103a|v104I Ig159D |a232V Q236H Q245R N248D 



V68A |si03A V1041 G159D A232V Q236H p245R 



V68A 



S103a|v104I Ig139D |v203E A232V Q236H p245R 



V68A 



S103aIv104I |g159D |a232V |q236H K237E Q245R 



V68A 



N76D Ii79N |s103A |vi04I |g159P |a232V p236H 



Q245R 



S103a|v104I |g159D N183D A232V p236H Q245R 



V68A 



S103a|v1041 |g1S9P |a174V p206L A232V b236H 



Q245R 



V68A 



S103a|v104I |g159D |s188C A232V p236H Q245R 



V68A 



S103a|v104I |g159P |a230T A232V p236H p245R 



A98T |S103A |vi04l |G159P |a232V p236H Q245R 



V68A 



S103a|vI041 1g159D |a215T A232V p236H p24SR 



V68A 



S103a|v1041 1g159P 1a232V |0236H lo245R |n248S 
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V68A ] 


N76D 


5 103 A 


V104I { 


3159D 


A232V i 


[J236H 


CJ245R 












V68A 


N76D 


S103A 


V104I i 


5159D 


P210R 


A232V 


0236H 


Q243R 










V68A 


N76D 


S103A 


VI 041 


Q139D 


A232V 


:^36H 


Q24SR 


L257V 










N76D 


SI 03 A 


V104I 


A232V 


0236H 


Q245R 


L237V 














V68A 


S103A 


V104I 


G139D 


A232V 


Q236H 


C?245R 


L25rV 


R275H 










N76D 


SI 03 A 


V104I 


L257V 


R275H 


















V68A 


S103A 


VI 041 


G139D 


T224A 


A232V 


Q236H 


Q245R 


L257V 










N76D 


SI 03 A 


V104I 


G159D 


A232V 


Q236H 


Q245R 


L257V 












V68A 


N76D 


SI 03 A 


VI 041 


G159D 


Y209W 


A232V 


Q236H 


0245R 










V68A 


N76D 


SI 03 A 


V104I 


G139D 


G211R 


A232V 


Q236H 


0245R 










V68A 


N76D 


S103A 


VI 041 


G159D 


G2nv 


A232V 


0236H 


0245R 










Q12R 


V68A 


N76D 


SI 03 A 


VI 041 


G159D 


Y214L 


A232V 


0236H 


Q245R 








V68A 


N76D 


S103A 


V104I 


G159D 


A213R 


A232V 


Q236H 


Q243R 










012R 


V68A 


N76D 


S103A 


VI 041 


G159D 


A232V 


Q236H 


0243R 










G20R 


V68A 


N76D 


S103A 


V104I 


G159D 


A232V 


Q236H 


0245R 


S259G 








V68A 


S87R 


N76D 


SI 03 A 


V104I 


G159D 


A232V 


0236H 


0245R 


T260V 








V68A 


N76D 


S103A 


V104I 


G159D 


A232V 


Q236H 


Q245R 


N2610 










V68A 


N76D 


S103A 


V104I 


G159D 


A232V 


0236H 


Q243R 


N261W 










N76D 


S103A 


V104I 


A232V 


Q236H 


S242P 


0245R 














V68A 


N76D 


S103A 


V104I 


G159D 


P210L 


A232V 


Q236H 


0245R 










012R 


A48V 


V68A 


N76D 


S103A 


V104I 


G159D 


A232V 


Q236H 


0243R 








N76D 


S103A 


V104I 


A232V 


Q236H 


Q24SR 
















N76D 


S103A 


V104I 


G159D 


Y192F 


A232V 


Q236H 


0245R 












N76D 


S103A 


V104I 


VI 471 


G159D 


A232V 


Q236H 


Q24SR 


N248S 


K251R 








012R 


V68A 


N76D 


S103A 


V104I 


G159D 


A232V 


Q236H 


Q243R 


A272S 








V68A 


N76D 


S103A 


VI 041 


0159D 


N183K 


Q206L 


A232V 


Q236H 


C?245R 








V68A 


N76D 


S103A 


V104I 


G159D 


A232V 


Q236H 


Q245R 


S2S6R 










V68A 


N76D 


SI 03 A 


V104I 


G159D 


Q206R 


A232V 


Q236H 


Q243R 










IQTR 


V68A 


N76D 


S103A 


V104I 


G159D 


A232V 


Q236H 


Q243R 










V68A 


N76D 


SI 03 A 


V104I 


N116T 


G159D 


R170S 


N183S 


A232V 


0236H 


0245R 






G61E 


V68A 


S103A 


V104I 


G139D 


A232V 


0236H 


Q245R 


N248D 


N252K 








N43D 


V68A 


S103A 


V104I 


G159D 


A232V 


0236H 


Q245R 


N248D 


N252K 








V68A 


S103A 


V104I 


G159D 


S212P 


A232V 


Q236H 


0243R 


N248D 


N252K 








V68A 


SI03A 


V104I 


S99N 


G159D 


N184D 


A232V 


0236H 


0245R 


N248D 


N232K 






S103A 


VI 041 


G159D 


A232V 


Q236H 


0245R 


N248D 


N252K 












V68A 


S103A 


V104I 


G159D 


Y209W 


A232V 


Q236H 


Q245R 


N248D 


N252K 
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VOort 


SI 03 A 


V104I 


Q109R 


G139D 


A232V 






M'>AOT% 










OxUK 




CI n't A 




G159D 


A215V 






IN A'toL' 










VoaA 


dlUJ A 


VI mi 

V llHtJ 




y209F 


A'71'7V 
AXJX V 
















V68A 


SI 03 A 






AaJ^ V 




Q245R 




N252K 


N261D 








V68A 


SI 03 A 


VI 041 


G1S9D 




A232V 


Q236H 


Q245R 


N248D 


N252K 








V68A 


SI 03 A 


VltMl 


GljylJ 


t>0 1 AD 

r2iUK 


A2jZV 


Q23oH 


V*43K 


N248D 


N232K 








VoBA 


dlU3A 


V JU"rl 


ni son 


lu 1 


A'>O^V 
f\J,jJ, V 




r»^A<p 












V68A 


dlUJA 


V lU^l 




1 nc 


A^T* V 
















V68A 


SI 03 A 


V104I 


G159D 




P210L 


A232V 




Q245R 




N252K 






V68A 


SI 03 A 


V104I 




ry> 1 Af 

rZlOL 


A232V 




Q243R 


VT^ A on 
N245IJ 


XT'* <•> V 

N2j2K 








V68A 


SI 03 A 


VI 041 


GIS9D 


S212A 


A232V 


Q236H 


Q245R 


N248D 


N232K 








V68A 


SI 03 A 


VI 041 


G159D 


S212G 


A232V 


0236H 


Q245R 


N248D 


N232K 








V68A 


SI 03 A 


VI 041 


G159D 


S2I2E 


A232V 


Q236H 


Q245R 


N248D 


N252K 








V68A 


SI 03 A 


VI 041 


G159D 


T213E 


A232V 


Q236H 


Q245R 


N248D 


N252K 








V68A 


SI 03 A 


VI 041 


T213S 


A232V 


Q236H 


Q245R 


N248D 


N252K 










V68A 


A 103 V 


VI 041 


G159D 


T213E 


A232V 


Q236H 


Q245R 


N248D 


N232K 








V68A 


S103A 


VI 041 


G159D 


T213R 


A232V 


Q236H 


Q245R 


N248D 


N252K 








V68A 


SI 03 A 


VI 041 


G159D 


T213G 


A232V 


Q236H 


Q245R 


N248D 


N252K 








V68A 


SI 03 A 


VI04I 


G159D 


A215V 


A232V 


0236H 


Q245R 


N248D 


N232K 








V68A 


S103A 


V104I 


G159D 


A215R 


A232V 


0236H 


Q245R 


N248D 


N232K 








V68A 


S103A 


V104I 


G139D 


S216T 


A232V 


Q236H 


Q243R 


N248D 


N252K 








V68A 


SI 03 A 


VI 041 


G159D 


S216V 


A232V 


Q236H 


Q245R 


N248D 


N252K 








V68A 


S103A 


VI 041 


G159D 


S216C 


A232V 


Q236H 


Q243R 


N248D 


N232K 








G20A 


V68A 


SI 03 A 


VI 041 


G159D 


A232V 


Q236H 


Q245R 


N248D 


N232K 








V68A 


SI 03 A 


VI 041 


0159D 


N173D 


A232V 


Q236H 


Q245R 


N248D 


N232K 








V68A 


SI 03 A 


VI 041 


G159D 


A232V 


Q236H 


Q245R 


N248D 


K251V 


K232K 








V68A 


SI 03 A 


VI 041 


G159D 


Q206R 


A232V 


Q236H 


Q24SR 


N248D 


N232K 








V68A 


SI 03 A 


VI 041 


G159D 


A232V 


Q236H 


Q245R 


N248D 


N252F 










V68A 


SI 03 A 


VI 041 


G159D 


A232V 


Q236H 


Q245R 


N248D 


N232L 










P53S 


V68A 


S103A 


VIU41 




A232V 






xfiAor^ 
JM24«(U 










V05A 


CI AO A 


VI AJI 
V JU41 




f\J>JA V 






VOAfin 

rMXfBLI 




1 * J J V 








V68A 


SI 03 A 


V104I 


G159D 


A232V 


Q236H 


Q245R 


N248D 


N252K 


S256N 








V68A 


S103A 


V104I 


G159D 


A232V 


Q236H 


Q24SR 


N248D 


N252K 


S236E 








V68A 


S103A 


VI04I 


G159D 


A232V 


Q236H 


Q245R 


N248D 


N252K 


S256R 








V68A 


SI 03 A 


V104I 


G159D 


A232V 


Q236H 


Q245R 


N248D 


N252K 


T260R 








V68A 


SI 03 A 


V104! 


G159D 


A232V 


Q236H 


0245R 


N248D 


N252K 


L257R 
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S103A 


VI 041 


G139D 


A232V 


Q236H 


024^R 


N248D 


N232K 










tfiV 


VOo/\ 


S103A 


VI 041 


UI v7Ly 


A232V 


v^xjon 






V7^71f 


N269D 










VI 041 


N116S 


\J1J71^ 


A232V 


v/x^on 


Q243R 


V*>A9T^ 
Pi^4BU 


M7^7V 


i ^oun 






VoBA 




VlflAl 
V IVHtl 




A^J^ V 


%^A«7on 


1,^^43 K 


rNA4&U 


N292K 


XT^iCI O 
iMZOlK 










C l/l'l A 


V104! 


G1S9D 




^xjon 






J>I^^2K 


N7f\m 








V^fiA 


N76D 


SI 03 A 


VI 041 


G159D 


A232V 
















V68A 


SI 03 A 


V104I 


A232V 


Q236H 


Q245R 


N248D 


V5C5V 












CIOI A 




0159D 


A232S 


Q236H 






V7^7V 












Vo»A 




V 




A*)*!*? V 
AXJX V 


Is^^JOK 




INx4BL' 


r>i232K 










N18S 


VoBA 








A-iJ^V 


vjzJon 


^^^^ CO 


N24B1J 


NZjZK 








V68A 


S103A 


V llHlJ 




fKAjZ V 




1^243 V 


N24BLI 


N232K 










V68A 


N76D 


ClAtX 


CI A1 A 


Wl AA1 
V 1U41 


/^Y <OT% 


1 w« 1 TO 

1 xlJK 


NZlBo 


A232V 


Q236H 


/^*>ACD 

V^243K 


I^OUA 




V68A 


SI 03 A 


\71 AA1 

VI04I 




A221i V 


A2J2 V 


QZ3dH 


Q243R 


N248D 


XTf CIV 

NZ32K 








T33S 


V68A 


N/oU 


C 1 A^ A 


Vl AAI 


Ol J7L> 


A232V 


Q236H 


Q243R 


N248D 


N232K 






V68A 


N76D 


E89D 


CI A^ A 

Si 03 A 


VI 041 




P2I0L 


T213R 


A232V 


Q236H 


Q243R 


"T*f iCA A 




G61E 


VooA 


N7oU 


C 1 A1 A 

o 1113 A 


\T\ AAI 

V 1041 


^1 con 


A232V 


Q236H 


Q243R 


N248D 


NZ32K 






SI 03 A 


V 1U41 






O^ 1 A1 


A2JZV 


Q236H 


Q243R 












G61E 


V68A 


S103A 


V1041 


S130A 


G159D 


A232V 


Q236H 


Q243R 


N248D 


N232K 






G61E 


V68A 


SI 03 A 


VI 041 


A133S 


Q137R 


G159D 


A232V 


Q236H 


Q243R 


N248D 


N252K 




G61E 


Si 03 A 


V104I 


AI33V 


G159D 


A232V 


Q236H 


Q245R 


N248D 


N232K 








V68A 


S103A 


V1041 


G1S9D 


A232V 


Q236H 


Q243R 


N248G 


N232K 










V68A 


SI 03 A 


V104I 


m con 


KT** t DC 

NZ18S 


A232V 


Q236H 


Q243R 


N248D 


N232K 










VOBA 


CI Al A 


V lUtl 


0137U 


C 1 £AV 




v^ZJoti 


Of A CD 

q243R 


VT')A01*\ 

IS24BLI 








S3L 




VooA 


pi 70U 


SI 03 A 


\T\ AAf 

V 104I 


A232V 


Q236H 


Q245R 


N248D 


N232K 






G61E 


V68A 


SI 03 A 


\ri AAi 


0139D 


SIo7r 


A232V 


Q236H 


Q243R 


N248D 


NZ32K 






097E 


SS03A 


VJ04I 


^1 <or\ 


AZ32V 




Q245R 


N248D 


N232K 










A98D 


CI A 


\71 A^l 


r^i <or\ 


AxJ^ V 


l^ZJon 




N248D 


NZ32K 










S99E 




V IU41 




AaJ^ V 




CD 


N248D 


Kff Cf V 

NZ52K. 












CI A 


\71 AAT 


0137U 


f\J^i V 




V;24jK 


IN24BiJ 


NZ32K 














V imi 


•771>/ 






0?A^D 














G102A 


SI 03 A 


VI 04] 


G139D 


A232V 


Q236H 


Q245R 


N248D 


N232K 










SI03A 


V104I 


S106E 


G139D 


A232V 


Q236H 


Q245R 


N248D 


N252K 










S103A 


V104I 


Q109E 


G159D 


A232V 


0236H 


Q245R 


N248D 


N232K 










SI 03 A 


V104I 


G159D 


A232V 


Q236H 


0245R 


N248D 


N232K 


N261R 










S103A 


V104I 


0109R 


G159D 


A232V 


Q236H 


Q245R 


N248D 


N232K 










N62D 


S103A 


V104! 


G159D 


A232V 


Q236H 


Q243R 


N248D 


N232K 
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S103A 


V104I 


G159D 


N184D 


A232V 


Q236H 


0245R 


N248D 


N252K 










SI 03 A 


V104I 


G159D 


S166D 


A232V 


Q236H 


0245R 


N248D 


N232K 










S103A 


V104I 


G159D 


L217E 


A232V 


Q236H 


Q243R 


N248D 


N232K 










G20R 


N62D 


S103A 


VI 041 


G139D 


T213R 


A232V 


Q236H 


0243R 


N248D 


N252K 






N62D 


S103A 


VI 041 


G139D 


T213R 


A232V 


Q236H 


0245R 


N248D 


N252K 








S103A 


V104I 


G139D 


Q206R 


U217E 


A232V 


Q236H 


Q245R 


N248D 


N252K 








N62D 


SI 03 A 


VI 041 


G159D 


Q206R 


A232V 


Q236H 


Q245R 


N248D 


N252K 








SI 03 A 


VI 041 


S130G 


G159D 


A232V 


Q236H 


Q243R 


N248D 


N252K 










S103A 


V104I 


P131V 


G159D 


A232V 


Q236H 


Q245R 


N248D 


N232K 










K27N 


SI 03 A 


V104I 


G139D 


A232V 


Q236H 
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Stai yet an even more preferred protease variant useful io the cleaning composition of 
the present invention include a substitution set selected from the group consisting of the 
substitution sets in Table IX: 
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A highly preferred protease variant useful in the cleaning compositions of the 
present invention include a substitution set selected from the group consistmg of. 

n/102/103/104/159/212/232/236/245/248/252; 61/68/103/104/159/232/236/245/248/252 
To / 04/ 3 59/213/232/236/245/248/^^ 

r2/r03/lo!/r09/159/213/232/236/245/248/252; 62/103/104/159^^^^^^ 
62/101/103/104/159/212/213/232/236/245/248/252; 



68/1 03/1 04/1 59/230/232/236/245; 
68/103/104/232/236/245/248/257/275; 
68/103/104/159/232/236/245/248/252; 
68/76/103/104/159/232/236/245; 
68/103/104/159/232/236/245; 
68/76/103/104/159/211/232/236/245; 

68/1 03/1 04/1 59/2 1 0/232/236/245; 
68/76/103/104/159/213/232/236/245/260; 
68/103/104/159/183/232/236/245/248/252; 
68/103/104/159/213/232/236/245; 
76/103/104/159/213/232/236/245/260; 
97/1 03/104/1 59/232/236/245/248/252; 



68/76/103/104/159/209/232/236/245; 
68/103/104/213/232/236/245/248/252; 
68/103/104/159/209/232/236/245; 
68/103/104/1 59/232/236/245/252; 
68/103/104/159/232/236/245/257; 
68/76/103/104/1 59/21 5/232/236/245; 
68/103/104/159/213/232/236/245/260; 
68/76/103/104/159/210/232/236/245/260; 
68/103/104/232/236/245/257/275; 

76/103/104/159/232/236/245; 
76/103/104/131/159/232/236/245/248/252; 

98/103/104/1 59/232/236/245/248/252; 



^ ini/mA/l '50/252/236/245; 



1 02/1 03/1 04/1 59/232/236/245/248/252; 
103/104/159/248/252/270; 
103/104/159/205/209/232/236/245/257 
1 03/1 04/1 59/205/209/21 0/232/236/245/257; 
103/104/159/217/232/236/245/248/252; 
1 03/1 04/13 1 /1 59/232/236/245/248/252; 
103/104/159/232/236/245/257. 

A more highly preferred protease variant useful in the cleaning compositions of the 
present invention include a substitution set selected from the group consisting of: 



103/104/159/232/236/245; 
103/104/159/232/236/245/248/252; 
103/104/159/232/245/248/252; 
1 03/1 04/1 59/2 1 3/232/236/245/248/252; 
103/104/130/159/232/236/245/248/252; 
103/104/159/205/209/232/236/245; and 
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™^03A/.04,/.59D™6H«45R/248Dn52K; 
jrZ«/>0.R/.59D/2BK/232V,23eH/245R;248D^=2K.. 

" " 3A/.041/,5»m3R,232V,236H;243R/2.0A.. 

X.03A/.04U,59O..0>/232V.3e— 
aA/103A/.04,/.59D/.83D/232V/236W245R/248D;252K, 

68A/103A/1041/159D/209W/232V/236W245R; 
68An6D/.03A/1041/159D/2niV232V/236H/245R; 
aA,76D/>03A/.04./.59Dm5R/232V/23™ 
68A/.03A/104./159D/2.3R/232V/2361K45R/260A; 
68A/76D/103A/104I/15<.D/232Vm6H«45R; 
68A/103A/1041/159Dm2Vro6H;245iy252K; 

68A/103A/1041/159D/232V/236Hn45R; 
68A/103A/1041/159D/232V/2361W45IU257V; 
6SA/.03A/104./.59D/.85D/232V/236m45R«48D/252K; 
r8r03^1«4I/159D/210U232V/236H/245R«48D/252K; 
J,CmnS9Dn85Dm0U232V,236«245R/248D^52K.. 
X^3A/,04./.59D/213E/232Vm6H«45R/248D/252K; 
68A/.03A/104./159D/230V,232V/236m45R; 
68An6D/103A/104I/159D/209W/232V/236TO45R; 
::Za/.«4™"«43R/24.D/257V^75H; 

68A/103A(1041/232V/236W245Rn57V/275H; 
68A/103A/.041/213En32V/236W245Rn48D/252K; 
,t!,03A/.04m59D/232V/236H/245R/248D/252K.. 
68A/103A/1041/159D/2101/232V/236Hn45R; 
68A/103A/104I/159D/210U232Vn36m45R-, 
68A/103A/1041/159D/213Gn32Vm6W245R; 
.,V,r,«4./.59D«2V,236H/243R/24.D,252Kn70A.. 

76D/103A/1041/159D/232V/2361W45R; 
„D„03A/<04I/>31VM59D/232Vn36H«45R«48D^S2K.. 

76D/.03A/104./.59D/2.3Rn32V/236m45Rn60A; 
,7E/,03A/,04I/.59D/232V/236HC45R/248D«2K. 
98U103A/1041/159D/232V/236Hfl45Rn48D/252K; 
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98L/102A/103Ayi041/159D/212G/232V/236H/245R/248D/252K; 

oTg 03A/1041/.59D/232V/236H/245R/248D/252K; 

r02r03A/l04I/159D/232V/236H/245Ry248D/252K; 

103A/1041/159D/232V/236H/245R/248D/252K; 

,03A/1041/l59Dm3R/232V/236H/245R/2^^^^^^^^^ 
103A/104I/130G/159D/232V/236H/245R/248D/252K, 

103A/1041/159D/217E/232V/236H/245R/248D/252K; 
103A/1041/159D/248D/252K/270V; 
103 A/1041/1 59D/232V/236H/245R; 
103A/104I/159D/205I/209W/232V/236H/245R; 
103A/1041/159D/232V/236H/245R/257V; 
103Ayi041/l59D/2051/209W/232V/236H/245R/257V; 
41/131V/159D/232V/236H/245R/248D/2S2K; 
,03rr/159D/2051/209W/2101/232V/236H/245R/257V;and 

103A/l041/159D/232V/245Ry248D/252K. 

u- «;,.htilisins - A "recombinant protease" or 
.,econ,bi„.n. subtiUsin" ..fcrs » • pro^.^ or sub ^ ^^^^ 

---^^^^^^ 

a m«BntDNAs«,«.»« which encodes th Sateblc modif.c.t« 

„„„ 3.„.„o .clOs in *e P-- " "'^ ^.^^ 5,.04,,5 and 5,,S5,25«. 

„e*».s disck^ed hercn, and "'^^ - "Non-hnmnn protases" o, "non- 

SmJJ''"^'^^'^'^'^^ obuined from many procaryoUc 

.and.e~^-^^^^^^ 

and .»cryo..c o-i-- ^"'^ ^ posWve bac»ria such as 

negative organ,sn,s such .s £. „hich carbonyl 

Micrococci o, Wto. ' asSoccWnyces c^evisia., 

hyd^lase and .he,, «.ay be obmned .nclude ye 

:,,such.s..e.«,.sp.andn— — -^^^ 

t„v,ne sp. f-om which d,e gene — ^ ^„ vartous «la»d 
h. owained. A series of pn«ases and/or su^tom ^ 
species which have an,ino acid serene. »^ "^^^^^^^ ^ „f .ioiogica, 
.e™be.o..a.se,iesb«w..— — 

activity. Th„,.non—^--^ ^^^^^^,^^^^ 
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y, ,j p r-nN A Sequences - Variant DNA sequences encoding such protease or 
subtilisin variants are derived from a precursor DNA sequence which encodes a naturally- 
occurring or recombinant precursor enzyme. The variant DNA sequences are derived by 
modifying the precursor DNA sequence to encode the substitution of one or more specific 
amino acid residues encoded by the precursor DNA sequence corresponding to positions 
103 in combination with one or more of the following positions 1. 3, 4, 8, 10, 12, 13, 15, 
16 17 18, 20, 21, 22, 24. 25, 27, 33. 37, 38, 42, 43, 48, 55, 57, 61, 62, 68, 72, 75. 76, 77, 
78 79 86 87,89,97,98,99,101,102,104,106,107,109,111,114,115,116,117,119, 
121 123 128, 130, 131, 133, 134. 137, 140. 141, 142, 146, 147, 158, 159. 160. 161, 166, 
167 170 173 174, 177, 181, 182, 183, 184. 185, 188. 192. 194, 198,203,204,205,206, 
209 210 211. 212, 213, 214, 215, 216, 217, 218, 222. 224, 227. 228. 230, 232, 236, 237, 
238 240 242. 243, 244. 245. 246. 247. 248, 249, 251, 252, 253, 254, 255. 256, 257, 258, 
259 260, 261 . 262, 263, 265, 268, 269, 270, 271, 272, 274 and 275 of Bacillus 
amyloliquefaciem subtilisin; wherein when said protease variant includes a substitution of 
amino acid residues at positions corresponding to positions 1 03 and 76, there is also a 
subtitution of an amino acid residue at one or more amino acid residue positions other than 
amino acid residue positions corresponding to positions 27, 99, 101, 104. 107. 109, 123, 
128 166 204. 206, 210, 216, 217. 218. 222, 260. 265 or 274 of Bacillus amyloliquefaciens 
subiilisin. Although the amino acid residues identified for modification herein are 
identified according to the numbering applicable to B. amyloliquefaciens (which has 
become the conventional method for identifying residue positions in all subtihsms), the 
preferred precursor DNA sequence useful for the present invention is the DNA sequence of 

Bacillus lentus as shown in Fig. 3 . 

In a preferred embodiment, these variant DNA sequences encode the 
substitution, insertion or deletion of the amino acid residue corresponding to position 103 
of Bacillus amyloliquefaciens subtilisin in combination with one or more additional amino 
acid residues corresponding to positions 1, 3, 4, 8, 9. 10, 12, 13. 16. 17. 18, 19. 20, 21, 22, 
24 27 33 37, 38, 42, 43. 48, 55. 57, 58. 61, 62. 68, 72, 75, 76. 77, 78, 79. 86, 87, 89, 97, 
98 99 101, 102. 104. 106, 107, 109, HI, 114. 116, 117, 119, 121, 123. 126, 128, 130. 131, 
133 134 137, 140. 141, 142, 146. 147. 158, 159, 160, 166. 167, 170, 173, 174, 177. 181, 
182 183 184, 185, 188. 192. 194. 198,203,204,205.206.209,210,211,212.213,214, 
215 216 217, 218, 222, 224. 227, 228, 230, 232, 236, 237. 238, 240, 242. 243, 244, 245, 
246! 247, 248, 249, 251, 252, 253, 254, 255, 256, 257, 258, 259, 260. 261, 262, 263, 265, 
268 269, 270, 271, 272, 274 and 275 of Bacillus amyloliquefaciens subtilism; wherein 
whJn said protease' variant includes a substitution of amino acid residues at positions 
corresponding to positions 103 and 76, there is also a subtitution of an amino acid residue 
at one or more amino acid residue positions other than amino acid residue positions 
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corresponding to positions 27, 99, 101, 104, 107, 109, 123, 128, 166, 204, 206, 210, 216, 
217 218, 222, 260, 265 or 274 of Bacillus amyloliquefaciem subtilisin. More preferably, 
these variant DNA sequences encode the protease variants described herein. 

In another preferred embodiment, these variant DNA sequences encode the 
substitution, insertion or deletion of one or more of the amino acid residues corresponding 
to positions 62, 212, 230, 232, 252 and 257 oi Bacillus amyloliquefaciens subtilisin. More 
preferably, these variant DNA sequences encode the protease variants described herein. 

Although the amino acid residues identified for modification herein are identified 
according to the numbering applicable to B. amyloliquefaciens (which has become the 
conventional method for identifying residue positions in all subtilisins), the preferred 
precursor DNA sequences useful for the present invention is the DNA sequence oi Bacillus 

lentus as shown in Fig. 3. 

These recombinant DNA sequences encode protease variants having a novel amino 
acid sequence and, in general, at least one property which is substantially different from the 
same property of the enzyme encoded by the precursor protease DNA sequence. Such 
properties include proteolytic activity, substrate specificity, stability, altered pH profile 
and/or enhanced performance characteristics. 

Specific substitutions corresponding to positions 103 in combination with one or 
more of the following positions 1, 3, 4, 8, 9, 10, 12, 13, 16, 17, 18, 19, 20, 21, 22, 24, 27, 
33 37, 38, 42, 43, 48, 55, 57, 58, 61, 62, 68, 72, 75, 76, 77, 78, 79, 86, 87, 89, 97, 98, 99, 
lo'l, 102, 104, 106, 107, 109, 111, 114, 116, 117, 119, 121, 123. 126, 128, 130, 131, 133, 
134, 137, 140, 141, 142, 146, 147, 158, 159, 160, 166, 167, 170, 173, 174, 177, 181, 182, 
183 I84', 185, 188, 192, 194, 198,203,204,205,206,209,210,211,212,213,214,215, 
216 217', 218, 222, 224, 227, 228, 230, 232, 236, 237, 238, 240, 242, 243, 244, 245, 246, 
247', 248, 249, 251, 252, 253, 254, 255, 256, 257, 258, 259, 260. 261, 262, 263. 265, 268, 
269, 270. 271, 272, 274 and 275 of Bacillus amyloliquefaciens subtilisin; wherein when 
said protease variant includes a substitution of amino acid residues at positions 
corresponding to positions 103 and 76, there is also a subtitution of an amino acid residue 
at one or more amino acid residue positions other than amino acid residue positions 
corresponding to positions 27, 99. 101, 104, 107, 109, 123, 128, 166,204,206,210,216, 
217, 218, 222, 260, 265 or 274 wherein the numbered positions correspond to the naturally- 
occiirring subiilisin from Bacillus amyloliquefaciens or to equivalent amino acid residues in 
other carbonyl hydrolases or subtilisins (such as Bacillus lentus subtilisin) are described 
herein. Further, specific substitutions corresponding to one or more of the following 
positions 62, 212, 230, 232, 252 and 257 wherein the numbered positions correspond to the 
naturally-occurring subtilisin from Bacillus amyloliquefaciens or to equivalent amino acid 
residues in other carbonyl hydrolases or subtilisins (such as Bacillus lentus subtilisin) are 
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described herein. These amino acid position numbers refer to those assigned to the mature 
Bacillus amyloliquefaciens subtilisin sequence presented in Fig. 1 . The present invent.on, 
however, is not limited to the use of mutation of this particular subtilisin but extends to 
precursor proteases containing amino acid residues at positions which are "equivalent to 
the particular identified residues in Bacillus amyloliquefaciens subtilisin. In a preferred 
embodiment of the present invention, the precursor protease is Bacillus lentus subtilisin and 
the substitutions, deletions or insertions are made at the equivalent amino acid residue m B. 
lentus corresponding to those listed above. 

A residue (amino acid) of a precursor protease is equivalent to a residue Bacillus 
amyloliquefaciens subtilisin if it is either homologous (i.e., corresponding in pos,t.on m 
either primary or tertiaiy structure) or analogous to a specific residue or portion of that 
residue in Bacillus amyloliquefaciens subtilisin (i.e., having the same or similar funct.onal 
capacity to combine, react or interact chemically). 

m order to establish homology to primary structure, the amino acid sequence of a 
precursor protease is directly compared to the Bacillus amyloliquefaciens subtilism pnmary 
Lquence and particularly to a set of residues known to be invariam in subtil isins for wh.ch 
sequence is known. For example, Fig. 2 herein shows the conserved residues as between B. 
amyloliquefaciens subtilisin and B. lentus subtilisin. After aligning the conserved residues, 
allowing for necessary insertions and deletions in order to maintain alignment (..e., 
avoiding the elimination of conserved residues through arbitrao' deletion and insertion), the 
residues equivalent to particular amino acids in the primary sequence of Bacillus 
amyloliquefaciens subtilisin are defined. Alignment of conserved residues preferably 
should conserve 1 OQo/. of such residues. However, alignment of greater than 1S% or as 
Uttle as 50% of conserved residues is also adequate to define equivalent residues. 
Conservation of the catalytic triad, Asp32mis64/Ser221 should be maintamed. 

For example, in Fig. 3 the amino acid sequence of subtilisin from Bacillus 
amyloliquefaciens. Bacillus subtilis. Bacillus licheniformis (carlsbergensis) and Bacillus 
lentus are aligned to provide the maximum amount of homology between ammo ac.d 
sequences. A comparison of these sequences shows that there are a number of conserved 
residues contained in each sequence. These conserved residues (as between BPN' and B. 
/en/M5) are identified in Fig. 2. . , * 

These conserved residues, thus, may be used to define the correspondmg equivalent 
amino acid residues of Bacillus lentus (PCT Publication No. WO89/06279 published July 
13 1989). the preferred protease precursor enzyme herein, or the subtilisin referred to as 
PB92 (EP 0 328 299), which is highly homologous to the preferred Bacillus lentus 
subtilisin. The amino acid sequences of certain of these subtilisins are aligned in Figs. 3A 
and 3B with the sequence of Bacillus amyloliquefaciens subtilisin to produce the maximum 
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,^ residues AS cn b. ».n, there arc a number of deletion in 4e 
homologyofconservedresidnes. M ^^^^,,„, ,„^mn. Tl.us.for 

.,„ence«f*.«ur'.«— -^^^"-^^ 

exanrpie. *e e,u,va,e„, » „^^„ Thus, for exampie. 

^e o*er suMiiisins » — ,„ „^,„,-,„.,.,e» and «. 

tertiary structure for a precursor proteas ^ ^^ich the atomic 

overlap of atom.c coord nates of non hy g P ,^,,,nographic model 

available. Z^^FoOmfsM 

H,uiv.ien. residue. »hich are func.ion.Uy anaiogues .0 a '^^^J^ 

pro«sev*ich»ayadop.aconforn.,.ionsuch.hau^=y^~ 
,„ protein s,r»c«,re, subs,ra« binding or cau>ys,s ,n a m^ner d^^ 

specific residue of the teJte ™y 9 J 

residues of .he pr^ursor p«.«ase (for «h,ch a «r^.^ « ^ ^^.^ 

c,ysu,,o.raphy,»bich occupy ananaiogousposru^,.^^^ 

chain a«.n.s of *e given residue may no. sa.,sfy ^ 
occupying a h»no,og„»s posiUon, the a. omrc coordrnau^^^^^^^ 

at„™s of *e residue ,ie wi* O.Bnn, ^^^''-^^^ t^,^, ^ ^BacU,^ 

<^Wi^eyaci»» sub,ilisin are se, ford, m Publrcan^ 
USPa»n.5,ny04,d,edisc,osu,eofwhicb,s..o^™^^^^^^^ 
be used as ouUined above K. de.era.>ne equrvalen. residues 
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Some of the residues identified for substitution, insertion or deletion are conserved 
residues whereas others are not. In the case of residues which are not conserved, the 
replacement of one or more amino acids is limited to substitutions which produce a vanant 
>vhich has an amino acid sequence that does not correspond to one found in nature. In the 
case of conserved residues, such replacements should not resuh in natural-occurrmg 
sequence The protease variants of the present invention include the mature forms of 
protease variants, as well as the pro- and pre-pro-forms of such protease variants. Tl,e 
prepro-foms are the preferred construction since this facilitates the expression, secretion 
and maturation ofthe protease variants. 

"Prosequence" refers to a sequence of amino acids bound to the N-termmal portion 
ofthe mature form of a protease which when removed results in the appearance ofthe 
"mature" form ofthe protease. Many proteolytic enzymes are found m nature as 
translational proenzyme products and, in the absence of post-translational processmg, are 
expressed in this fashion. A preferred prosequence for producing protease variants >s the 
putative prosequence of Bacillus ar^yloliguefaciens subtilisin, although other protease 

prosequences may be used. • u„.,„H 

A "signal sequence" or "presequence" refers to any sequence of ammo ac.ds bound 
to the N'tenninal portion of a protease or to the N-terminal portion of a proprotease wh.ch 
may participate in the secretion ofthe mature or pro forms ofthe protease. This definmon 
of signal sequence is a functional one, meant to include all those amino sequences encoded 
by the N-terminal portion ofthe protease gene which participate in the effectuation ofthe 
secretion of protease under native conditions. The present invemion utilizes such 
sequences to effect the secretion ofthe protease variants as defined here. One possible 
signal sequence comprises the first seven amino acid residues ofthe signal sequence from 
Bacillus subtilis subtilisin fused to the remainder ofthe signal sequence ofthe subtilis.n 

from Bacillus lentusJA TCC 2 1 536). 

A "prepro" form of a protease variant consists ofthe mature form ofthe protease 
having a prosequence operably linked to the amino terminus ofthe protease and a "pre' or 
"signal" sequence operably linked to the amino terminus ofthe prosequence. 

"Expression vector" refers to a DNA construct containing a DNA sequence which 
is operably linked to a suitable control sequence capable of effecting the expression of said 
DNA in a suitable host. Such control sequences include a promoter to effect transcription, 
an optional operator sequence to control such transcription, a sequence encoding suitable 
mRNA ribosome binding sites and sequences which control termination of transcnption 
and translation. The vector may be a plasmid, a phage particle, or simply a potential 
genomic insert. Once transformed into a suitable host, the vector may replicate and 
function independently or the host genome, or may, in some instances, integrate into the 
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■ r- ■ ui „:H"anrf "vector" are sometimes used 
•.«if In the oresent specification, "plasmid and vector 
genome itself. In the presem sp ^^^^^^ 

t 7 K- h „«fer.bly have b«- n,anipuUt«l by the methods d.selosed US 
eucaryom hosts wh,ch prefe^bly ha ^^^ically ae,ive endoprotease. 

Pa.=« RE 34,606 .o render .hen, mcapabl. ''[^"'r^J^,^, BG2036 which is 
,,.e^hos,ce,,„^^^^^ 

deficien, ,n ;;7^;^„,^ us Pa,en. 5,264,366. Other hos, 

eo„s,rn«,o„o,s.,amBG^3 ,s^^^^ ^^^^^^^^^ 

eelis for e,M»ess,ng P-'^ "'"^ .„ i„.„^„ed he«in by 

reference), as well any s . ^ ^..^ vectors constructed using 

HOS, ceiis are — ^"J -"^^d hos. ceUs »e capabte of either rep.ica.ing 

'^'"""'"'rrlr:v rlpressingdtedesiredpro^asev^^^ 
vec.orsencod,ng *e pro^ V.' P ^^^^^ .^ian., 

of vecro. wh^h .^J^ J ^„ „ ^ „^,„„. 

"^^MvirerlendescHbingthereiattonship 

Operably linked, wn for example, a prosequi" 

^'»P'^--'''"*=^"~rcttts.signal sequence, participating inthe 

'ririfrmrrorrimostpro^^^ 

A n«»noter is operably linked to a coding sequence ,f n controls the 

z::.io::;::::»:.»— ^'----^'^""^'-•"'"'"^ 

.equenceifitispositio^J-^^— 

The genes '^"^^"^l ^ ,,.„^ i„ The methods generally 

accord with the general methods known to tno „,„„,„™ii„|, regions of the 

rrrin";r;;b':::f:Lge„eofin.erestbyhybridi..ion..heprobes. 
Positively hyhridizingc,onesaretbenm_appedand.que„^^^^^^ 

. :::::r:::t:::r riberpiasmid. ™sp,asmid 

^^^^ 

plasmidreplication: apromote operably Itnked * 
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mKNA transcribed by the host from the protease gene in certain eucaryotic host cells) 
which is exogenous or is supplied by the endogenous terminator region of the protease gene 
and, desirably, a selection gene such as an antibiotic resistance gene that enables 
continuous cultural maintenance of plasmid-infected host cells by growth in antibiotic- 
containing media. High copy number plasmids also contain an origin of replication for the 
host, thereby enabling large numbers of plasmids to be generated in the cytoplasm without 
chromosomal limitation. However, it is within the scope herein to integrate muhiple cop.es 
of the protease gene into host genome. This is facilitated by procao'otic and eucaryot.c 
organisms which are particularly susceptible to homologous recombination. The gene 
can be a natural B. lentus gene. Alternatively, a synthetic gene encoding a naturally- 
occurring or mutant precursor protease may be produced. In such an approach, the DNA 
and/or amino acid sequence of the precursor protease is determined. Multiple, overlappmg 
synthetic single-stranded DNA fragments are thereafter synthesized, which upon 
hybridization and ligation produce a synthetic DNA enclding the precursor protease. An 
example of synthetic gene construction is set forth in Example 3 of US Patent 5,204,105, 
the disclosure of which is incorporated herein by reference. 

Once the naturally-occurring or synthetic precursor protease gene has been cloned, 
a number of modifications are undertaken to enhance the use of the gene beyond synthesis 
of the naturally-occurring precursor protease. Such modifications include the production of 
recombinant proteases as disclosed in US Patem RE 34,606 and EPO Publication No. 0 25 1 
446 and the production of protease variants described herein. 

The following cassette mutagenesis method may be used to facilitate the 
construction of the proteases variants of the present invention, although other methods may 
be used. First, the naturally-occurring gene encoding the protease is obtained and 
sequenced in whole or in part. Then the sequence is scanned for a point at which it is 
desired to make a muUtion (deletion, insertion or substitution) of one or more ammo acds 
in the encoded enzyme. The sequences flanking this point are evaluated for the presence of 
restriction sites for replacing a short segment of the gene with an oligonucleotide pool 
which, when expressed will encode various mutants. Such restriction sites are preferably 
unique sites within the protease gene so as to facilitate the replacement of the gene 
segment. However, any convenient restriction site which is not overly redundant m the 
protease gene may be used, provided the gene fragments generated by restriction digestion 
can be reassembled in proper sequence. If restriction sites are not present at locations 
within a convenient distance from the selected point (from 10 to 15 nucleotides), such sites 
are generated by substituting nucleotides in the gene in such fashion that neither the readmg 
frame nor the amino acids encoded are changed in the final construction. Mutation of the 
gene in order to change its sequence to conform to the desired sequence is accomplished by 
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M13 primer extension in accord with generally known methods. The task of locating 
suitable flanking regions and evaluating the needed changes to arrive at two convenient 
restriction site sequences is made routine by the redundancy of the genetic code, a 
restriction enzyme map of the gene and the large number of different restriction enzymes. 
Note that if a convenient flanking restriction site if available, the above method need be 
used only in connection with the flanking region which does not contain a site. 

Once the naturally-occurring DNA or synthetic DNA is cloned, the restriction sites 
flanking the positions to be muUted are digested with the cognate restriction enzymes and a 
plurality of end termini-complementary oligonucleotide cassettes are ligated into the gene. 
The mutagenesis is simplified by this method because all of the oligonucleotides can be 
synthesized so as to have the same restriction sites, and no synthetic linkers are necessary 
to create the restriction sites. As used herein, proteolytic activity is defined as the rate of 
hydrolysis of peptide bonds per milligram of active enzyme. Many well known procedures 
exist for measuring proteolytic activity (K. M. Kalisz, "Microbial Proteinases," Adyansss 
:„ Fnpin..rin.miotechnQ lPS V , A. Fiechter ed., 1988). In addition to or as an 

alternative to modified proteolytic activity, the variant enzymes of the present mvent.on 
may have other modified properties such as K„, k,.., KJK. ratio and/or modified substrate 
specifically and/or modified pH activity profile. These enzymes can be tailored for the 
particular substrate which is anticipated to be present, for example, in the preparation of 
peptides or for hydrolytic processes such as laundry uses. 

In one aspect of the invention, the objective is to secure a variant protease having 
altered proteolytic activity as compared to the precursor protease, since increasing such 
activity (numerically larger) enables the use of the enzyme to more efficiently act on a 
target substrate. Also of interest are variant enzymes having altered thermal stability and/or 
altered substrate specificity as compared to the precursor. In some instances, lower 
proteolytic activity may be desirable, for example a decrease in proteolytic activity would 
be useful where the synthetic activity of the proteases is desired (as for synthesizing 
peptides). One may wish to decrease this proteolytic activity, which is capable of 
destroying the product of such synthesis. Conversely, in some instances it may be desirable 
to increase the proteolytic activity of the variant enzyme versus its precursor. Additionally, 
increases or decreases (alteration) of the stability of the variant, whether alkaline or thermal 
stability, may be desirable. Increases or decreases in k„,. K,„ or K„/K„ are specific to the 
substrate used to determine these kinetic parameters. 

In another aspect of the invention, it has been determined that substitutions at 
positions corresponding to 1 03 in combination with one or more of the following positions 
1 3 4, 8, 9, 10, 12. 13, 16. 17. 18, 19. 20. 21, 22. 24. 27, 33. 37, 38, 42, 43. 48, 55, 57, 58, 
61 62. 68. 72. 75. 76, 77, 78, 79, 86. 87, 89. 97, 98, 99. 101, 102, 104, 106, 107. 109, 1 11. 
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114, 116, 117, 119, 121, 123, 126, 128, 130, 131, 133, 134, 137, 140, 141, 142, 146, 147, 
158, 159, 160, 166, 167, 170, 173, 174, 177, 181, 182, 183, 184, 185, 188, 192, 194, 198, 
203, 204, 205, 206, 209, 210, 21 1, 212, 213, 214, 215, 216, 217, 218, 222, 224, 227, 228, 
230, 232, 236, 237, 238, 240, 242, 243, 244, 245, 246, 247, 248, 249, 251, 252, 253, 254, 
255, 256, 257, 258, 259, 260, 261, 262, 263, 265, 268, 269, 270, 271, 272, 274 and 275 of 
Bacillus amyloliquefaciens subtilisin are important in modulating overall stability and/or 
proteolytic activity of the enzyme. 

In a further aspect of the invention, it has been determined that substitutions at one 
or more of the following positions corresponding to positions 62, 212, 230, 232, 252 and 
257 of Bacillus amyloliquefaciens subtilisin are also important in modulating overall 
stability and/or proteolytic activity of the enzyme. 

These substitutions are preferably made in Bacillus lentus (recombinant or native- 
type) subtilisin, although the substitutions may be made in any Bacillus protease. 

Based on the screening results obtained with the variant proteases, the noted 
mutations in Bacillus amyloliquefaciens subtilisin are important to the proteolytic activity, 
performance and/or stability of these enzymes and the cleaning or wash performance of 
such variant enzymes. 

Methods and procedures for making the enzymes used in the detergent and cleaning 
compositions of the present invention are known and are disclosed in PCX Publication No. 
WO 95/10615. 

The enzymes of the present invention have trypsin-like specificity. That is, the 
enzymes of the present invention hydro lyze proteins by preferentially cleaving the peptide 
bonds of charged amino acid residues, more specifically residues such as arginine and 
lysine, rather than preferentially cleaving the peptide bonds of hydrophobic amino acid 
residues, more specifically phenylalanine, tryptophan and tyrosine. Enzymes having the 
latter profile have a chymotrypsin-like specificity. Substrate specificity as discussed above 
is illustrated by the action of the enzyme on two synthetic substrates. Protease*s having 
trypsin-like specificity hydrolyze the synthetic substrate bVGR-pNA preferentially over the 
synthetic substrate sucAAPF-pNA. Chymotrypsin-like protease enzymes, in contrast, 
hydrolyze the latter much faster than the former. For the purposes of the present invention 
the following procedure was employed to define the trypsin-like specificity of the protease 
enzymes of the present invention: 

A fixed amount of a glycine buffer at a pH of 1 0 and a temperature of 25 °C is 
added to a standard 10 ml test tube. 0.5 ppm of the active en2!yme to be tested is added to 
the test tube. Approximately, 1 .25 mg of the synthetic substrate per mL of buffer solution 
is added to the test tube. The mixture is allowed to incubate for 15 minutes at 25 ^^C. Upon 
completion of the incubation period, an enzyme inhibitor, PMSF, is added to the mixture at 
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a level of 0.5 mg per mL of buffer solution. The absorbency or OD value of the mixture is 
read at a 410 nm wavelength- The absorbence then indicates the activity of the enzyme on 
the synthetic substrate. The greater the absorbence, the higher the level of activity against 
that substrate. 

To then determine the specificity of an individual enzyme, the absorbence on the 
two synthetic substrate proteins may be converted into a specificity ratio. For the purposes 
of the present invention, the ratio is determined by the formula specificity of: 

[activity on sAAPF-pNA]/[activity on bVGR-pN>0 
An enzyme having a ratio of less than about 1 0, more preferably less than about 5 and most 
preferably less than about 2.5 may then be considered to demonstrate trypsin-like activity. 

Such variants generally have at least one property which is different from the same 
property of the protease precursor from which the amino acid sequence of the variant is 
derived. 

One aspect of the invention are compositions, such as detergent and cleaning 
compositions, for the treatment of textiles, dishware, tableware, kitchenware, cookware, 
and other hard surface substrates that include one or more of the variant proteases of the 
present invention. Protease-containing compositions can be used to treat for example: silk 
or wool, as well as other types of fabrics, as described in publications such as RD 216,034, 
EP 134,267, US 4,533,359, and EP 344,259; and dishware, tableware, kitchenware, 
cookware, and other hard surface substrates as described in publications such as in US 
5,478,742, US 5,346,822, US 5,679,630, and US 5,677,272. 

II. Amylase Variants - The amylase variants used in the present invention include, 
but are not limited to, the amylase enzymes described in WO 95/26397 and in WO 
96/23873 (Novo). These enzymes are incorporated into cleaning compositions at a level of 
from about 0.0001%, preferably from about 0.00018%, more preferably from about 
0.00024%, most preferably from about 0.05% to about 0.1%, preferably to about 0.060%, 
more preferably to about 0.048% by weight of the cleaning compositions of pure enzyme. 

The amylase variants are preferably selected from the group consisting of a- 
amylase variants. 

Suitable a-amylase variants for use in the present invention include, but are not 
limited to the following a-amylases: 

(i) a-amylase characterized by having a specific activity at least 25% 
higher than the specific activity of Termamyl® at a temperature range of 25^C to 55°C and 
at a pH value in the range of 8 to 10, measured by Phadebas® a-amylase activity assay 
and/or; 
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(ii) a-amylase according to (i) comprising the amino acid sequence shown 
in SEQ ID No. 1 or an a-amylase being at least 80% homologous with the amino acid 
sequence shown in SEQ ID No. 1 and/or; 

(iii) a-amylase according to (i) comprising the amino acid sequence shown 
in SEQ ID No. 2 or an a-amylase being at least 80% homologous with the amino acid 
sequence shown in SEQ ID No. 2 and/or; 

(iv) a-amylase according to (i) comprising the following amino acid 
sequence N-terminal: His-His-Asn-Gly-Thr-Asn-Gly-Thr-Met-Met-Gln-lyr-Phe-Glu-Trp- 
Tyr-Leu-Pro-Asn-Asp (SEQ ID No. 3) or an a-amylase being at least 80% homologous 
with the amino acid sequence shown (SEQ ID No. 3) in the N-terminal and/or; 

(v) a-amylase according to (i-iv) wherein the a-amylase is obtainable 
from an alkalophilic Bacillus species and/or; 

(vi) a-amylase according to (v) wherein the amylase is obtainable from any 
of the strains NCIB 12289,NCIB 12512, NCIB 12513 and DSM 935 and/or; 

(vii) a-amylase showing positive immunological cross-reactivity with 
antibodies raised against an a-amylase having an amino acid sequence corresponding 
respectively to SEQ ID No. 1, ID No. 2, or ID No. 3 and/or; 

(viii) variant of a parent a-amylase, wherein the parent a-amylase (1) has 
one of the amino acid sequences shown in SEQ ID No. 1 , ID No. 2, or ID No. 4, 
respectively, or (2) displays at least 80% homology with one or more of said amino acid 
sequences, and/or displays immunological cross-reactivity with an antibody raised against 
an a-amylase having one of said amino acid sequences, and/or is encoded by a DNA 
sequence which hybridizes with the same probe as a DNA sequence encoding an a- 
amylase having one of said amino acid sequences, in which variants: (A) at least one 
amino acid residue of said parent a-amylase has been deleted; and/or (B) at least one 
amino acid residue of said parent a-amylase has been replaced by a different amino acid 
residue; and/or (C) at least one amino acid residue has been inserted relative to said parent 
a-amylase; said variant having an a-amylase activity and exhibiting at least one of the 
following properties relative to said parent a-amylase: increased thermostability; 
increased stability towards oxidation; reduced Ca ion dependency; increased stability 
and/or a-amylolytic activity at neutral to relatively high pH values; increased a-amylolytic 
activity at relatively high temperature; and increase or decrease of the isoelectric point (pi) 
so as to better match the pi value for a-amylase variant to the pH of the medium. 

A polypeptide is considered to be X% homologous to the parent amylase if a 
comparison of the respective amino acid sequences, performed via algorithms, such as the 
one described by Lipman and Pearson in Science 227, 1985, p. 1435, reveals an identity of 
X%. 
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m the context of the present invention, the tenn "obtainable from" is intended not 
only to indicate an amylase produced by a Bacillus strain but also an amylase encoded by a 
DNA sequence isolated from such a Bacillus strain and produced in a host organism 

transformed with the DNA sequence. 

ni. P.»t..../An,vlasei:ambinatifln - Although any one or more of the protease 
variants described above can be combined v.ith one or more of the amylase variants 
described above, in a highly preferred embodiment of the present invention, the protease 
variant comprises the substitution set: 101/103/104/159/232/236/245/248/252 a^^^^^^^^^ 
highly preferred the substitution set: 101G/103A/104I/232V/236H/245R/248D/252K. 

Although the protease variant and amylase variant can be present in the cleanmg 
compositions in any ratio by ppm, a preferred ratio of protease variant(s) to amylase 
variant(s) by ppm in the cleaning compositions of the present invention are m the range of 
from about 1:20 to about 20:1, preferably from about 1:10 to about 10:1, more preferably 
from about 1 :3 to about 3:1 . 

The cleaning compositions of the present invention also compnse, m add.t.on to 
one or more protease variants described hereinbefore, one or more cleaning adjunct 
materials, preferably compatible with the protease variant(s). The term "cleanmg adjunct 
niaterials", as used herein, means any liquid, solid or gaseous material selected for the 
particular type of cleaning composition desired and the form of the product (e.g., hqu,d; 
granule; powder; bar; paste; spray; tablet; gel; foam composition), which materials are also 
preferably compatible with the protease enzyme used in the composition. Granular 
compositions can also be in "compact" form and the liquid compositions can also be m a 

"concentrated" form. 

The specific selection of cleaning adjunct materials are read.ly made by 
considerinB.hesurface,itemo,fab,ic.obecle»,.d.andd«desi,edfom,cf,he 

composition for the cleaning conditions during use (e.g, through the ».sh detergent use . 
Tl„ tenn -compatible-, as used herein, means the cleaning composition materials do not 
reduce proteolytic activity of the prot^se ^ to such ». extent that the protease .s 
no, effective as desired during normal use situatfons. Examples of suiuble cle»»,ng 
adjunct materials include, but are no. limited to, surfactants. buUde,., ble^hes, bleach 
activators bleach c«alysts, other enzymes, enzyme stabilizing systems, chelants, optical 
brighteners, soil release polymers, dye transfer agents, dispersants. suds suppressors, dyes, 
perfumes, colorants, filler salts, hydrotropes, photoactivators. fluorescers, fabr,c 
conditioners, hydrolyzable surfactants, perservatives, anti-oxidanU, anti-shnnkage agents, 
anti-v^inkle agents, germicides, fungicides, color speckles, silvercare, ant,-tam,sh and/or 
anti^corrosion agents, alkalinity sources, solubilUing agents, carriers, processing a.ds. 
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pigments and pH control agents as described in U.S. Patent Nos. 5,705,464. 5,710,1 15, 
5,698,504, 5,695,679, 5,686,014 and 5,646,101 . Specific cleaning composition materials 
are exemplified in detail hereinafter. 

If the cleaning adjunct materials are not compatible with the protease variant(s) in 
the cleaning compositions, then suitable methods of keeping the cleaning adjunct materials 
and the protease variant(s) separate (not in contact with each other) until combination of the 
two components is appropriate can be used. Suitable methods can be any method known in 
the art, such as gelcaps, encapulation, tablets, physical separation, etc. 

Preferably an effective amount of one or more protease variants described above 
are included in compositions useful for cleaning a variety of surfaces in need of 
proteinaceous stain removal. Such cleaning compositions include detergem compositions 
for cleaning hard surfaces, unlimited in form (e.g., liquid and granular); detergem 
compositions for cleaning fabrics, unlimited in form (e.g., granular, liquid and bar 
formulations); dishwashing compositions (unlimited in form and including both granular 
and liquid automatic dishwashing); oral cleaning compositions, unlimited in form (e.g., 
dentifrice, toothpaste and mouthwash formulations); and denture cleaning compositions, 
unlimited in form (e.g., liquid, tablet). 

As used herein, "effective amount of protease variant" refers to the quantity of 
protease variant described hereinbefore necessary to achieve the enzymatic activity 
necessary in the specific cleaning composition. Such effective amounts are readily 
asceruined by one of ordinary skill in the art and is based on many factors, such as the 
particular variant used, the cleaning application, the specific composition of the cleaning 
composition, and whether a liquid or dry (e.g., granular, bar) composition is required, and 
the like. 

Preferably the cleaning compositions comprise from about 0.0001%, preferably 
from about 0.001%, more preferably from about 0.01% by weight of the cleaning 
compositions of one or more protease variants of the present invention, to about 10%, 
preferably to about 1%, more preferably to about 0.1%. Also preferably the protease 
variant of the present invention is present in the compositions in an amount sufficient to 
provide a ratio of mg of active protease per 100 grams of composition to ppm theoretical 
Available O2 ("AVO2") from any peroxyacid in the wash liquor, referred to herem as the 
Enzyme to Bleach ratio (E/B ratio), ranging from about 1:1 to about 20:1. Several 
examples of various cleaning compositions wherein the protease variants of the present 
invention may be employed are discussed in further detail below. Also, the cleaning 
compositions may include from about 1% to about 99.9% by weight of the composition of 
the cleaning adjunct materials. 
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The cleaning con^posUions of the present invention n.ay be in the fonn of "fabric 
Cleaning compositions" or "non^ic ^^^^^^^^^^ ^^^^ 

compositions, dishwashing detergent compositions, ora, cleaning composn.ons, denture 

cleaning compositions and personal cleansing compositions. 

Cleaning y „c of the nresent invention are formulated as 

■""""^ —ion, of .he pre^n. invention can aiso use. as a«e^en. additive 
The compos t, products ate intemled to supplement or boost 

products in solid or liquid forai. Such adoiiivcp at anv staee of 

L pe,fon„»>ce of conventional detergent compositions and can be added any sug 

a,e cleaning pracess. dishwashing methods the 

r:tr„ti: :.:^i7su.^^^ ^ p^-^.. ccning 

Xril^rs:::: Z o Jc pol^menc compounds, suds enhancing agents, 

.„,2«0g/li«e,p,ef.rably5<,«»950g/lit,eofcompositionme.u^.n0C 

Tlie -compact- form of the electing compositions herem is best re.l y 
density ^ inUs of composition, by .be amount of inorganic niler 
1.1 conver^ional ^ ;rt I s:^.^ 

rdingi;...ost.ferab^n..c...^^^^^^^ 

'r^r—rr:::: - cbioridi. . prefer ... - 

sulfate. 
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weight of the cleaning composition. 

C]eaDiBgJ >< t j^ < nct Mat erials fuUy-formulated cleaning 

^^^^^^^^..^ . Detersive surfactants ^ 3t least 

..positionsaffo.e.h.t.^ 

about 0.1%, more preferably at least ^^^^^^^.^^ 

composition depenamg up i- amoholytic, zwitterionic. 

The detersive surfactant can be nonionic, anionic, ampholyt ' 

■ V mixtures thereof, nonlimiting examples of which are 
cationic, semi-polar non.onic. and mxxmres th , ^^^^^.^^ 

a,M phenol a,Uoxyla«s (.specally ^^^^ ^ ^ ,,,, oU.er 

amylphcno. ..koxyl.«s (eg., alM phenO '^^^ ^-^ ft„„ 
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...eno„io.csu.acta..ste.son.ep.se„n 

product of Cn-Ci5 Unea^ a ^ ^^^^^ ^^^^^^^ ^^.^^ ^.^^^ ^ 

(the condensation product of Ci2-*-14 primary 

■ K.^i«iribution^ both marketed by Union Carbide Corporation; 

. u . A.^ NeodolTM 45-7 (the condensation product of C14-C1 5 linear 
3 0 moles of ethylene oxide), Neodoi ' \ . . r , . 

ru, „vJ,le^ Meodol™ 45-5 (the condensation product of C 14- 
1 „u-,i with 7 moles of ethylene oxide), Neoaoi hj j v 

K,L™ BOB (U,e co„~ p^.=. «f C,3-C>5 a.coho, wiU, 9 ™o,es «M-ox,d.), 

condensation product of Ci2-Cl4alconoi „r 
Hoechs,. Preferred r«,ge of HLB in 4ese prod„o. is fro. S-, 1 .nd ™os, preferred fro. S- 

Ai.ousefu,a.O-.nonio„ics„rf..».of*e.urfacun.s,..e.so^^^^ 

i„ve„,i„„ are «» .ikylpo.ys-eh^ides discio^ in " f^/^^ ^JhS cosy.). 
Preferred alkylpolyglycosides have the fomula. R 0(C„H2„0H« y 

v*e™n R2 is selected from *e group consisting of alM. aikyiphenyl. hydroxyaiM, 
wherein K isseiec „fi„ ^hkh the alkyl groups contain from about 10 

^r:r:i"tror::cin:^^^^^ 

ftis type include certain of the commercially-a.a.lable Plurafac 

=""~t:;!ru":sthenonionicsurfac.anto,theno„i„nics^^ 
,hepresltinve„tion.arethec„nde„satio„prod„ctsofe.hyleneoxide».«^^ 

Jting front the reaction of propylene oxide and edtyl— - 

of nonionic surfactant include ceruin of the commetcally available Tetrontc 

— ^C:^— icsurfac,an.of.hesurfac.an.sys.e.„sof.hep«»^^ 
■ ntion are ,«,!yethyle„e oxide condensates of alkyl phenols, conde««,on products of 
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ethoxylates having from 3 to 15 ethoxy groups and Cg-C j g alcohol ethoxylates (preferably 
Cio avg.) having from 2 to 10 ethoxy groups, and mixtures thereof. 

Highly preferred nonionic surfactants are polyhydroxy fatty acid amide surfactants 
of the formula: r2 - C(0) - N(R^) - Z wherein R1 is H, or is C 1.4 hydrocarbyl, 2- 
hydroxy ethyl, 2-hydroxy propyl or a mixture thereof, R-^ is C5.3 ] hydrocarbyl, and Z is a 
polyhydroxyhydrocarbyl having a linear hydrocarbyl chain v^ith at least 3 hydroxyls 
directly connected to the chain, or an alkoxylated derivative thereof. Preferably, R^ is 
methyl, r2 is a straight Cn-15 alkyl or Cig-lg alkyl or alkenyl chain such as coconut 
alkyl or mixtures thereof, and Z is derived from a reducing sugar such as glucose, fructose, 
maltose, lactose, in a reductive amination reaction. 

Anionic Surfactants - Suitable anionic surfactants to be used are linear alkyl 
benzene sulfonate, alkyl ester sulfonate surfactants including linear esters of C8-C20 
carboxylic acids (i.e., fatty acids) which are sulfonated with gaseous SO3 according to "The 
Journal of the American Oil Chemists Society", 52 (1975), pp. 323-329. Suitable starting 
materials would include natural fatty substances as derived from tallow, palm oil, etc. 

The preferred alkyl ester sulfonate surfactant, especially for laundry applications, 
comprise alkyl ester sulfonate surfactants of the structural formula : 

O 
II 

r3 - CH - C - OR^ 

I 

SO3M 

wherein R^ is a C8-C20 hydrocarbyl, preferably an alkyl, or combination thereof, R^ is a 
Cj-Cg hydrocarbyl, preferably an alkyl, or combination thereof, and M is a cation which 
forms a water soluble salt with the alkyl ester sulfonate. Suitable salt-forming cations 
include metals such as sodium, potassium, and lithium, and substituted or unsubstituted 
ammonium cations, such as monoethanolamine, diethanolamine, and triethanolamine. 
Preferably, R^ is Ciq-Ci^ alkyl, and R^ is methyl, ethyl or isopropyl. Especially preferred 
are the methyl ester sulfonates wherein R^ is Cjo-Cig alkyl. 

Other suitable anionic surfactants include the alkyl sulfate surfactants which are 
water soluble salts or acids of the formula ROSO3M wherein R preferably is a C10-C24 
hydrocarbyl, preferably an alkyl or hydroxyalkyl having a C10-C20 alkyl component, more 
preferably a C12-C1 g alkyl or hydroxyalkyl, and M is H or a cation. Typically, alkyl 
chains of C12-C16 are preferred for lower wash temperatures (e.g. below about 50*^0) and 
C 1 ] g alkyl chains are preferred for higher wash temperatures (e.g. above about SO^'C). 

Other anionic surfactants useful for detersive purposes include salts of soap, Cg- 
C22 primary of secondary alkanesulfonates, Cg-C24 olefinsulfonates, sulfonated 
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polycarboxylic acids prepared by sulfonation of the pyrolyzed product of alkaline earth 
metal citrates, e.g., as described in British patent specification No. 1,082,179, C8-C24 

alkylpolyglycolethersulfates (containing up to 10 moles of ethylene oxide); alkyl glycerol 
sulfonates, fatty acyl glycerol sulfonates, fatty oleyl glycerol sulfates, alkyl phenol ethylene 
oxide ether sulfates, paraffin sulfonates, alkyl phosphates, isethionates such as the acyl 
isethionates, N-acyl taurates, alkyl succinamates and sulfosuccinates, monoesters of 
sulfosuccinates (especially saturated and unsaturated C12-C18 monoesters) and diesters of 
sulfosuccinates (especially saturated and unsaturated C6-C12 diesters), acyl sarcosinates, 
sulfates of alkylpolysaccharides such as the sulfates of alkylpolyglucoside (the nonionic 
nonsulfated compounds being described below), branched primary alkyl sulfates, and alkyl 
polyethoxy carboxylates such as those of the formula RO(CH2CH20)k-CH2COO-M+ 
wherein R is a C8-C22 alkyl, k is an integer from 1 to 10, and M is a soluble salt- forming 
cation. Resin acids and hydrogenated resin acids are also suitable, such as rosin, 
hydrogenated rosin, and resin acids and hydrogenated resin acids present in or derived from 
tall oil. 

Further examples are described in "Surface Active Agents and Detergents" (Vol. I 
and II by Schwartz, Perry and Berch). A variety of such surfactants are also generally 
disclosed in U.S. Patent 3,929,678, issued December 30, 1975 to Laughlin, et al. at Column 
23, line 58 through Column 29, line 23 (herein incorporated by reference). 

Highly preferred anionic surfactants include alkyl alkoxylated sulfate surfactants 
hereof are water soluble salts or acids of the formula RO(A)mS03M wherein R is an 
unsubstituted C10-C24 alkyl or hydroxyalkyl group having a C10-C24 alkyl component, 
preferably a C12-C20 alkyl or hydroxyalkyl, more preferably C12-C1 g alkyl or 
hydroxyalkyl, A is an ethoxy or propoxy unit, m is greater than zero, typically between 
about 0.5 and about 6, more preferably between about 0.5 and about 3, and M is H or a 
cation which can be, for example, a metal cation (e.g., sodium, potassium, lithium, calcium, 
magnesium, etc.), ammonium or substituted-ammonium cation. Alkyl ethoxylated sulfates 
as well as alkyl propoxylated sulfates are contemplated herein. Specific examples of 
substituted ammonium cations include methyl-, dimethyl, trimethyl-ammonium cations and 
quaternary ammonium cations such as tetramethyl-ammonium and dimethyl piperdinium 
cations and those derived from alkylamines such as ethylamine, diethylamine, 
triethylamine, mixtures thereof, and the like. Exemplary surfactants are C12-C18 alkyl 
polyethoxylate (1.0) sulfate (Ci2-Ci8E(1.0)M), C12-C18 alkyl polyethoxylate (2.25) 
sulfate (Ci2-Ci8E(2.25)M), C12-C18 alkyl polyethoxylate (3.0) sulfate (C12- 
Ci8E(3.0)M), and C12-C18 alkyl polyethoxylate (4.0) sulfate (Ci2-Ci8E(4.0)M), wherein 
M is conveniently selected from sodium and potassium. 
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When included therein, the cleaning compositions of the present invention typically 
comprise from about 1%, preferably from about 3% to about 40%, preferably about 20% by 
weight of such anionic surfactants. 

ratinnic Surfactants - Cationic detersive surfactants suitable for use in the cleaning 
compositions of the present invention are those having one long-chain hydrocarbyl group. 
Examples of such cationic surfactants include the ammonium surfactants such as 
alkyltrimethylammonium halogenides, and those surfactants having the formula: 
[R2(OR3)y][R'*(OR3)y]2R5N+X. wherein r2 is an alkyl or alkyl benzyl group having 

from about 8 to about 1 8 carbon atoms in the alkyl chain, each R^ is selected from the 
group consisting of -CH2CH2-. -CH2CH(CH3)-, -CH2CH(CH20H>, -CH2CH2CH2-, and 
mixtures thereof; each R^ is selected from the group consisting of C1-C4 alkyl, C1-C4 
hydroxyalkyl, benzyl ring structures formed by joining the two R^ groups, -CH2CHOH- 
CHOHCOR6CHOHCH2OH wherein R^ is any hexose or hexose polymer having a 
molecular weight less than about 1000, and hydrogen when y is not 0; r5 is the same as R^* 
or is an alkyl chain wherein the total number of carbon atoms of r2 plus r5 is not more 
than about 1 8; each y is from 0 to about 10 and the sum of the y values is from 0 to about 
15; and X is any compatible anion. 

Highly preferred cationic surfactants are the water-soluble quaternary ammonium 
compounds useful in the present composition having the formula (i): R1R2R3R4N+X- 
wherein R] is Cg-Cie alkyl, each of R2, R3 and R4 is independently C ] -C4 alkyl, C1-C4 
hydroxy alkyl, benzyl, and -(C2H4o)xH where x has a value from 2 to 5, and X is an anion. 
Not more than one of R2, R3 or R4 should be benzyl. The preferred alkyl chain length for 
R, is C12-C15 particularly where the alkyl group is a mixture of chain lengths derived 
from coconut or palm kernel fat or is derived synthetically by olefin build up or OXO 
alcohols synthesis. Preferred groups for R2R3 and R4 are methyl and hydroxyethyl groups 
and the anion X may be selected from halide, methosulfate, acetate and phosphate ions. 

Examples of suitable quaternary ammonium compounds of formulae (i) for use 
herein are include, but are not limited to: coconut trimethyl ammonium chloride or 
bromide; coconut methyl dihydroxyethyl ammonium chloride or bromide; decyl triethyl 
ammonium chloride; decyl dimethyl hydroxyethyl ammonium chloride or bromide; C12.15 
dimethyl hydroxyethyl ammonium chloride or bromide; coconut dimethyl hydroxyethyl 
ammonium chloride or bromide; myristyl trimethyl ammonium methyl sulphate; lauryl 
dimethyl benzyl ammonium chloride or bromide; lauryl dimethyl (ethenoxy)4 ammonium 
chloride or bromide; choline esters (compounds of formula (i) wherein Rj is 
CH2-CH2-O-C-C12.14 alkyl and R2R3R4 are methyl); and di-alkyl imidazolines [(i)]. 
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Other cationic surfactants useful herein are also described in U.S. Patent 4,228,044, 
Cambre, issued October 14, 1980 and in European Patent Application EP 000,224. 

When included therein, the cleaning compositions of the present invention typically 
comprise from about 0.2%, preferably from about 1% to about 25%, preferably to about 8% 
by weight of such cationic surfactants. 

Ampholvtic Surfactants - Ampholytic surfactants, examples of which are described 
in U.S. Patent No. 3,929,678, are also suitable for use in the cleaning compositions of the 
present invention. 

When included therein, the cleaning compositions of the present invention typically 
comprise from about 0.2%, preferably from about 1% to about 15%, preferably to about 
1 0% by weight of such ampholytic surfactants, 

^Avitterionic Surfactants - Zwitterionic surfactants, examples of which are 
described in U.S. Patent No. 3,929,678, are also suitable for use in cleaning compositions. 

When included therein, the cleaning compositions of the present invention typically 
comprise from about 0.2%, preferably from about 1% to about 15%, preferably to about 
1 0% by weight of such zwitterionic surfactants. 

Semi-polar Nnnionic Surfactants - Semi-polar nonionic surfactants are a special 
category of nonionic surfactants which include water-soluble amine oxides having the 
formula: 

O 

r3(OR4),N(R5)2 

wherein r3 is an alkyl, hydroxyalkyl, or alkyl phenyl group or mixtures thereof containing 
from about 8 to about 22 carbon atoms; R^ is an alkylene or hydroxyalkyl ene group 
containing from about 2 to about 3 carbon atoms or mixtures thereof; x is from 0 to about 3; 
and each R^ is an alkyl or hydroxyalkyl group containing from about 1 to about 3 carbon 
atoms or a polyethylene oxide group containing from about 1 to about 3 ethylene oxide 
groups (the r5 groups can be attached to each other, e.g., through an oxygen or nitrogen 
atom, to form a ring structure); water-soluble phosphine oxides containing one alkyl moiety 
of from about 10 to about 18 carbon atoms and 2 moieties selected from the group 
consisting of alkyl groups and hydroxyalkyl groups containing from about 1 to about 3 
carbon atoms; and water-soluble sulfoxides containing one alkyl moiety of from about 10 
to about 18 carbon atoms and a moiety selected from the group consisting of alkyl and 
hydroxyalkyl moieties of from about 1 to about 3 carbon atoms. 

The amine oxide surfactants in particular include CiQ-Cig alkyl dimethyl amine 
oxides and Cg-Ci2 alkoxy ethyl dihydroxy ethyl amine oxides. 
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When included therein, the cleaning compositions of the present invention 
typically comprise from about 0.2%, preferably from about 1% to about 15%, preferably to 
about 10% by weight of such semi-polar nonionic surfactants. 

Cofsiirfactants - The cleaning compositions of the present invention may further 
comprise a cosurfactant selected from the group of primary or tertiary amines. Suitable 
primary amines for use herein include amines according to the formula R|NH2 wherein R] 
is a C6-C12, preferably Cg-Cio alkyl chain or R4X(CH2)n, X is -0-,-C(0)NH- or -NH-^ 
R4 is a C6-C12 alkyl chain n is between 1 to 5, preferably 3. Rj alkyl chains may be 
straight or branched and may be interrupted with up to 12, preferably less than 5 ethylene 
oxide moieties. 

Preferred amines according to the formula herein above are n-alkyl amines. 
Suitable amines for use herein may be selected from 1-hexylamine, 1-octylamine, 1- 
decylamine and laurylamine. Other preferred primary amines include C8-C10 
oxypropylamine, octyloxypropylamine, 2-ethylhexyl-oxypropylamine, lauryl amido 
propylamine and amido propylamine. The most preferred amines for use in the 
compositions herein are 1-hexylamine, 1-octylamine, 1-decylamine, 1-dodecylamine, 
Especially desirable are n-dodecyldimethylamine and bishydroxyethylcoconutalkylamine 
and oleylamine 7 times ethoxylated, lauryl amido propylamine and cocoamido 
propylamine. 

LFNIs - Particularly preferred surfactants in the automatic dishwashing 
compositions (ADD) of the present invention are low foaming nonionic surfactants (LFNI) 
which are described in U.S. Patent Nos. 5,705,464 and 5,710,1 15. LFNI may be present in 
amounts from 0.01% to about 10% by weight, preferably from about 0.1% to about 10%, 
and most preferably from about 0.25% to about 4%. LFNIs are most typically used in 
ADDs on account of the improved water-sheeting action (especially from glass) which they 
confer to the ADD product. They also encompass non-silicone, nonphosphate polymeric 
materials further illustrated hereinafter which are known to defoam food soils encountered 

in automatic dishwashing. 

Preferred LFNIs include nonionic alkoxylated surfactants, especially ethoxylates 

derived from primary alcohols, and blends thereof with more sophisticated surfactants, such 

as the polyoxypropylene/polyoxyethylene/polyoxypropylene (PO/EO/PO) reverse block 

polymers as described in U.S. Patent Nos. 5,705,464 and 5,710,1 15. 

LFNIs which may also be used include those POLY-TERGENT® SLF-1 8 nonionic 

surfactants from Olin Corp., and any biodegradable LFNI having the melting point 

properties discussed hereinabove. 
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These and other nonionic surfactants are well known in the art, being described in 
more detail in Kirk Othmer's Encyclopedia of Chemical Technology, 3rd Ed., Vol. 22, pp. 
360-379, "Surfactants and Detersive Systems", incorporated by reference herein. 
Rieaching System - The cleaning compositions of the present invention preferably 
comprise a bleaching system. Bleaching systems typically comprise a "bleaching agent" 
(source of hydrogen peroxide) and an "initiator" or "catalyst". When present, bleaching 
agents will typically be at levels of from about 1%, preferably from about 5% to about 
30%, preferably to about 20% by weight of the composition. If present, the amount of 
bleach activator will typically be from about 0.1%, preferably from about 0.5% to about 
60%, preferably to about 40% by weight, of the bleaching composition comprising the 
bleaching agent-plus-bleach activator. 

Rleaching Agents - Hydrogen peroxide sources are described in detail in the herein 
incorporated Kirk Othmer's Encyclopedia of Chemical Technology, 4th Ed (1992, John 
Wiley & Sons), Vol. 4, pp. 271-300 "Bleaching Agents (Survey)", and include the various 
forms of sodium perborate and sodium percarbonate, including various coated and modified 
forms. 

The preferred source of hydrogen peroxide used herein can be any convenient 
source, including hydrogen peroxide itself. For example, perborate, e.g., sodium perborate 
(any hydrate but preferably the mono- or tetra-hydrate), sodium carbonate peroxyhydrate or 
equivalent percarbonate salts, sodium pyrophosphate peroxyhydrate, urea peroxyhydrate, or 
sodium peroxide can be used herein. Also useful are sources of available oxygen such as 
persulfate bleach (e.g., OXONE, manufactured by DuPont). Sodium perborate 
monohydrate and sodium percarbonate are particularly preferred. Mixtures of any 
convenient hydrogen peroxide sources can also be used. 

A preferred percarbonate bleach comprises dry particles having an average particle 
size in the range from about 500 micrometers to about 1,000 micrometers, not more than 
about 1 0% by weight of said particles being smaller than about 200 micrometers and not 
more than about 10% by weight of said particles being larger than about 1,250 
micrometers. Optionally, the percarbonate can be coated with a silicate, borate or water- 
soluble surfactants. Percarbonate is available from various commercial sources such as 
FMC, Solvay and Tokai Denka. 

Compositions of the present invention may also comprise as the bleaching agent a 
chlorine-type bleaching material. Such agents are well known in the art, and include for 
example sodium dichloroisocyanurate ("NaDCC"). However, chlorine-type bleaches are 
less preferred for compositions which comprise enzymes. 

(a;> Bleach Activators - Preferably, the peroxygen bleach component in the 
composition is formulated with an activator (peracid precursor). The activator is present at 
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levels of from about 0.01%, preferably from about 0.5%, more preferably from about 1% to 
about 15%, preferably to about 10%, more preferably to about 8%, by weight of the 
composition. Preferred activators are selected from the group consisting of tetraacetyl 
ethylene diamine (TAED), benzoylcaprolactam (BzCL), 4-nitroben2oylcaprolactam, 3- 
chlorobenzoylcaprolactam, benzoyloxybenzenesulphonate (BOBS), nonanoyloxybenzene- 
sulphonate (NOBS), phenyl benzoate (PhBz), decanoyloxybenzenesulphonate (Cjo-OBS), 
benzoylvalerolactam (BZVL), octanoyloxybenzenesulphonate (Cg-OBS), perhydrolyzable 
esters and mixtures thereof, most preferably benzoylcaprolactam and benzoylvalerolactam. 
Particularly preferred bleach activators in the pH range from about 8 to about 9.5 are those 
selected having an OBS or VL leaving group. 

Preferred hydrophobic bleach activators include, but are not limited to, 
nonanoyloxybenzenesulphonate (NOBS), 4-[N-(nonaoyl) amino hexanoyloxy]-benzene 
sulfonate sodium salt (NACA-OBS) an example of which is described in U.S. Patent No. 
5,523,434, dodecanoyloxybenzenesulphonate (LOBS or C12-OBS), 10- 
undecenoyloxybenzenesulfonate (UDOBS or C] \-OBS with unsaturation in the 10 

position), and decanoyloxybenzoic acid (DOBA). 

Preferred bleach activators are those described in U.S. 5,698,504 Christie et al., 
issued December 16, 1997; U.S. 5,695,679 Christie et al. issued December 9, 1997; U.S. 
5,686,401 Willey et al., issued November 11, 1997; U.S. 5,686,014 Hartshorn et al., issued 
November 1 1, 1997; U.S. 5,405,412 Willey et al., issued April 11, 1995; U.S. 5,405,413 
Willey et al., issued April 11, 1995; U.S. 5,130,045 Mitchel et al., issued July 14, 1992; and 
U.S. 4,412,934 Chung et al., issued November 1, 1983, and copending patent applications 
U. S. Serial Nos. 08/709,072, 08/064,564, all of which are incorporated herein by reference. 

The mole ratio of peroxygen bleaching compound (as AvO) to bleach activator in 
the present invention generally ranges from at least 1:1, preferably from about 20:1, more 
preferably from about 1 0: 1 to about 1:1, preferably to about 3:1. 

Quaternary substituted bleach activators may also be included. The present 
cleaning compositions preferably comprise a quaternary substituted bleach activator 
(QSBA) or a quaternary substituted peracid (QSP); more preferably, the former. Preferred 
QSBA structures are ftirther described in U.S. 5,686,01 5 Willey et ah, issued November 11, 
1997; U.S. 5,654,421 Taylor et al., issued August 5, 1997; U.S. 5,460,747 Gosselink et al., 
issued October 24, 1995; U.S. 5,584,888 Miracle et al., issued December 17, 1996; and 
U.S. 5,578,136 Taylor et al., issued November 26, 1996; all of which are incorporated 
herein by reference. 

Highly preferred bleach activators useful herein are amide-substituted as described 
in U.S. 5,698,504, U.S. 5,695,679, and U.S. 5,686,014 each of which are cited herein 
above. Preferred examples of such bleach activators include: (6-octanamidocaproyl) 
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oxybenzenesulfonate, (6-nonanamidocaproyl)oxybenzenesulfonate, 
(6-decanamidocaproyI)oxybenzenesulfonate and mixtures thereof. 

Other useful activators, disclosed in U.S. 5,698,504, U.S. 5,695,679, U.S. 
5,686,014 each of which is cited herein above and U.S. 4,966,723Hodge et al., issued 
October 30, 1990, include benzoxazin-type activators, such as a C^H^ ring to which is 
fused in the 1,2-positions a moiety --C(0)0C(R')=N-. 

Depending on the activator and precise application, good bleaching results can be 
obtained from bleaching systems having with in-use pH of from about 6 to about 13, 
preferably from about 9.0 to about 10.5. Typically, for example, activators with electron- 
withdrawing moieties are used for near-neutral or sub-neutral pH ranges. Alkalis and 
buffering agents can be used to secure such pH. 

Acyl lactam activators, as described in U.S. 5,698,504, U.S. 5,695,679 and U.S. 
5,686,014, each of which is cited herein above, are very useful herein, especially the acyl 
caprolactams (see for example WO 94-28102 A) and acyl valerolactams (see U.S. 
5,503,639 Willey et al., issued April 2, 1996 incorporated herein by reference). 

(b^l Organic Peroxides, especially Diacyl Peroxides - These are extensively 
illustrated in Kirk Othmer, Encyclopedia of Chemical Technology, Vol. 17, John Wiley and 
Sons, 1982 at pages 27-90 and especially at pages 63-72, all incorporated herein by 
reference. If a diacyl peroxide is used, it will preferably be one which exerts minimal 
adverse impact on spotting/filming. 

(c^ Metal-containing Bleach Catalysts - The present invention compositions and 
methods may utilize metal-containing bleach catalysts that are effective for use in 
bleaching compositions. Preferred are manganese and cobalt-containing bleach catalysts. 

One type of metal-containing bleach catalyst is a catalyst system comprising a 
transition metal cation of defmed bleach catalytic activity, such as copper, iron, titanium, 
ruthenium tungsten, molybdenum, or manganese cations, an auxiliary metal cation having 
little or no bleach catalytic activity, such as zinc or aluminum cations, and a sequestrate 
having defmed stability constants for the catalytic and auxiliary metal cations, particularly 
ethylenediaminetetraacetic acid, ethylenediaminetetra (methylenephosphonic acid) and 
water-soluble salts thereof. Such catalysts are disclosed in U.S. 4,430,243 Bragg, issued 
February 2, 1982. 

Manganese Metal Complexes - If desired, the compositions; herein can be catalyzed 
by means of a manganese compound. Such compounds and levels of use are well known in 
the art and include, for example, the manganese-based catalysts disclosed in U.S. Patent 
Nos. 5,576,282; 5,246,621; 5,244,594; 5,194,416; and 5,1 14,606; and European Pat. App. 
Pub. Nos. 549,271 Al, 549,272 Al, 544,440 A2, and 544,490 Al; Preferred examples of 
these catalysts include Mn^^2(""0)3(^'^'^'^""^^^^y'"^''^>7'^*^^^y^'^"*^"^'^^)2(PF6)2' 
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MnI"2("-0) 1 (u-OAc)2( 1 ,4,7-trimethy 1- 1 ,4,7-triazacyclononane)2(C104)2, MnlV4(u- 
0)6( 1 ,4,7-triazacycIononane)4(C104)4. MnHlMnl V4(u-0)i (u-OAc)2.( 1 ,4,7-trimethyl- 
1 ,4,7-triazacyclononane)2(C104)3, MnIV(i ,4,7-trimethyl-l ,4,7-triazacyclononane)- 
(OCH3)3(PF6), and mixtures thereof. Other metal-based bleach catalysts include those 
disclosed in U.S. Patent Nos. 4,430,243 and U.S. 5,1 14,61 1. The use of manganese with 
various complex ligands to enhance bleaching is also reported in the following: U.S. Patent 
Nos. 4,728,455; 5,284,944; 5,246.612; 5,256,779; 5,280,117; 5,274,147; 5,153,161; and 
5,227,084. 

rnhalt Metal r.nmplexes - Cobalt bleach catalysts useful herein are known, and are 
described, for example, in U.S. Patent Nos. 5,597,936; 5,595,967; and 5,703,030; and M. L. 
Tobe, "Base Hydrolysis of Transition-Metal Complexes", Adv, Inorg, Pioinorg, Mech, , 
(1983), 2, pages 1-94. The most preferred cobalt catalyst useful herein are cobalt 
pentaami'ne acetate salts having the formula [Co(NH3)50Ac] Ty, wherein "OAc" 
represents an acetate moiety and "Ty" is an anion, and especially cobalt pentaamine acetate 
chloride, [Co(NH3)50Ac]Cl2; as well as [Co(NH3)50Ac](OAc)2; 
[Co(NH3)50AcKPF6)2; [Co(NH3)50Ac](S04); [Co(NH3)50Ac](BF4)2; and 
[Co(NH3)50Ac](N03)2 (herein "PAC"). 

These cobah catalysts are readily prepared by known procedures, such as taught for 
example in U.S. Patent Nos. 5,597,936; 5,595,967; and 5,703,030; in the Tobe article and 
the references cited therein; and in U.S. Patent 4,810,410; J, Chem. Ed, (1989), M (12), 
1043-45; The Synthesis and Characterization of Inorganic Compounds, W.L. Jolly 
(Prentice-Hall; 1970), pp. 461-3; Inorg. Chem,. iS, 1497-1502 (1979); Inorg, Chem, . 21, 
2881-2885 (1982); innrg, Chem. . IS, 2023-2025 (1979); Inorg. Synthesis, 173-176 (1960); 
and tpi.rnal nf Phv«:iral r.hemistrv. 22-25 (1952). 

Tr^n^itinn Met? ' rnm plexes of Macronolvcvcl ic Rigid l^igands - Compositions 
herein may also suitably include as bleach catalyst a transition metal complex of a 
macropolycyclic rigid Hgand. The phrase "macropolycyclic rigid ligand" is sometimes 
abbreviated as "MRL" in discussion below. The amount used is a catalytically effective 
amount, suitably about 1 ppb or more, for example up to about 99.9%, more typically about 
0.001 ppm or more, preferably from about 0.05 ppm to about 500 ppm (wherein "ppb" 
denotes parts per billion by weight and "ppm" denotes parts per million by weight). 

Suitable transition metals e.g., Mn are illustrated hereinafter. "Macropolycyclic" 
means a MRL is both a macrocycle and is polycyclic. "Polycyclic" means at least bicyclic. 
The term "rigid" as used herein herein includes "having a superstructure" and "cross- 
bridged". "Rigid" has been defmed as the constrained converse of flexibility: see D.H. 
Busch., rh.rr.ir.] Reviews.. (1993). 22, 847-860, incorporated by reference. More 
particularly, "rigid" as used herein means that the MRL must be detenminably more rigid 
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than a macrocycle ("parent macrocycle") which is otherwise identical (having the same ring 
size and type and number of atoms in the main ring) but lacking a superstructure (especially 
linking moieties or, preferably cross-bridging moieties) found in the MRL's. In 
determining the comparative rigidity of macrocycles with and without superstructures, the 
practitioner will use the free form (not the metal-bound form) of the macrocycles. Rigidity 
is well-known to be useful in comparing macrocycles; suitable tools for determining, 
measuring or comparing rigidity include computational methods (see, for example, 
Zimmer, rhemical Reviews. (1995), 95(38), 2629-2648 or Hancock et ah, ioorganka 
rhimica Acta. (1989). 164, 73-84. 

Preferred MRL's herein are a special type of ultra-rigid ligand which is cross- 
bridged. A "cross-bridge" is nonlimitingly illustrated in 1.11 hereinbelow. In 1.11, the 

1 8 

cross-bridge is a -CH2CH2- moiety. It bridges N and N in the illustrative structure. By 
comparison, a "same-side" bridge, for example if one were to be introduced across N ' and 
N^^ in 1.1 1, would not be sufficient to constitute a "cross-bridge" and accordingly would 
not be preferred. 

Suitable metals in the rigid ligand complexes include Mn(II), Mn(III), Mn(IV), 
Mn(V), Fe(Il), Fe(III), Fe(lV), Co(I), Co(Il), Co(III), Ni(I), Ni(II), Ni(lII), Cu(I), Cu(II), 
Cu(III), Cr(II), Cr(III), Cr(IV), Cr(V), Cr(VI), V(lll), V(IV), V(V), Mo(IV), Mo(V), 
Mo(VI), W(IV), W(V), W(VI), Pd(II), Ru(II), Ru(III), and Ru(IV). Preferred transition- 
metals in the instant transition-metal bleach catalyst include manganese, iron and 
chromium. 

More generally, the MRL's (and the corresponding transition-metal catalysts) 
herein suitably comprise: 

(a) at least one macrocycle main ring comprising four or more heteroatoms; and 

(b) a covalently connected non-metal superstructure capable of increasing the rigidity of the 
macrocycle, preferably selected from 

(i) a bridging superstructure, such as a linking moiety; 

(ii) a cross-bridging superstructure, such as a cross-bridging linking moiety; and 

(iii) combinations thereof 

The term "superstructure" is used herein as defined in the literature by Busch et al., 
see, for example, articles by Busch in "Chemical Reviews". 

Preferred superstructures herein not only enhance the rigidity of the parent 
macrocycle, but also favor folding of the macrocycle so that it co-ordinates to a metal in a 
cleft. Suitable superstructures can be remarkably simple, for example a linking moiety 
such as any of those illustrated in Fig. 1 and Fig. 2 below, can be used. 




(CH2)n 
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Fig. 1 



wherein n is an integer, for example from 2 to 8. preferably less than 6, typically 2 to 4, 



wherein m and n are integers from about 1 to 8, more preferably from 1 to 3; Z is N or CF 
and T is a compatible substituent, for example H, alkyl, trialkylammonium, halogen, nitre 
sulfonate, or the like. The aromatic ring in 1 .10 can be replaced by a saturated ring, in 
which the atom in Z connecting into the ring can contain N, O, S or C. 

Suitable MRL's are further nonlimitingly illustrated by the following compound; 



This is a MRL in accordance with the invention which is a highly preferred, cross- 
bridged, methyl-substituted (all nitrogen atoms tertiary) derivative of cyclam. Formally, 
this ligand is named 5,12-dimethyl-l,5,8,12-tetraazabicyclo[6.6.2]hexadecane using the 
extended von Baeyer system. See "A Guide to lUPAC Nomenclature of Organic 
Compounds: Recommendations 1993", R. Panico, W.H. Powell and J-C Richer (Eds.), 
Blackwell Scientific Publications, Boston, 1993; see especially section R-2. 4.2.1 . 

Transition-metal bleach catalysts of Macrocyclic Rigid Ligands which are suitable 
for use in the invention compositions can in general include known compounds where they 
conform with the definition herein, as well as, more preferably, any of a large number of 
novel compounds expressly designed for the present laundry or cleaning uses, and non- 
limitingly illustrated by any of the following: 

Dichloro-5,12-dimethyl-l,5,8,12-tetraazabicyclo[6.6.2]hexadecane Manganese(ll) 
Diaquo-5,12-dimethyl-l,5,8,12-tetraazabicyclo[6.6.2]hexadecaneManganese(ll) 

Hexafluorophosphate 

Aquo-hydroxy-5, 1 2-dimethyI- 1 ,5,8, 12-tetraazabicyclo[6.6.2]hcxadecane Manganese(III) 
Hexafluorophosphate 



T 




Fig. 2 




10 



Fig. 3 
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Diaquo-5, 1 2-dimethyl- 1 ,5,8, 1 2-tetraazabicyclo[6.6.2]hexadecane Manganese(II) 
Tetrafluoroborate 

Dichloro-5, 1 2-dimethyl- 1,5,8,1 2-tetraazabicyclo[6.6.2]hexadecane Manganese(III) 

Hexafluorophosphate 
Dichloro-5, 1 2-di-n-butyl- 1 ,5,8, 1 2-tetraa2a bicyclo[6.6.2]hexadecane Manganese(II) 
Dichloro-5, 12-dibenzyl-l, 5, 8,12-tetraazabicyclo[6.6.2]hexadecane Manganese(II) 
Dichloro-5-n-butyl-12-methyl-l,5,8,12-tetraaza- bicyclo[6.6.2]hexadecane Manganese(II) 
Dichloro-5-n-octyl-12-methyl-l,5,8,12-tetraaza- bicyclo[6.6.2]hexadecane Manganese(II) 
Dichloro-5-n-butyl-12-methyl-l,5,8,12-tetraaza- bicyclo[6.6.2]hexadecane Manganese(II). 

As a practical matter, and not by way of limitation, the compositions and cleaning 
processes herein can be adjusted to provide on the order of at least one part per hundred 
million of the active bleach catalyst species in the aqueous washing medium, and will 
preferably provide from about 0.01 ppm to about 25 ppm, more preferably from about 0.05 
ppm to about 10 ppm, and most preferably from about 0,1 ppm to about 5 ppm, of the 
bleach catalyst species in the wash liquor. In order to obtain such levels in the wash liquor 
of an automatic washing process, typical compositions herein will comprise from about 
0.0005% to about 0.2%, more preferably from about 0.004% to about 0.08%, of bleach 
catalyst, especially manganese or cobalt catalysts, by weight of the bleaching compositions. 

(d^ Other Bleach Catalysts - The compositions herein may comprise one or more 
other bleach catalysts. Preferred bleach catalysts are zwitterionic bleach catalysts, which 
are described in U.S. Patent No. 5,576,282 (especially 3-(3,4-dihydroisoquinolinium) 
propane sulfonate. Other bleach catalysts include cationic bleach catalysts are described in 
U.S. Patent Nos. 5,360,569, 5,442,066, 5,478,357, 5,370,826, 5,482,515, 5,550,256, and 
WO 95/13351, WO 95/13352, and WO 95/13353. 

Also suitable as bleaching agents are preformed peracids, such as phthalimido- 
peroxy-caproic acid ("PAP"). See for example U.S. Patent Nos. 5,487,8 1 8, 5,3 1 0,934, 
5,246,620, 5,279,757 and 5,132,431. 

Optional Detersive Enzvrhes - The detergent and cleaning compositions herein may also 
optionally contain one or more types of detergent enzymes. Such enzymes can include 
other proteases, amylases, cellulases and lipases. Such materials are known in the art and 
are commercially available under such trademarks as . They may be incorporated into the 
non-aqueous liquid detergent compositions herein in the form of suspensions, "marumes" or 
"prills". Another suitable type of enzyme comprises those in the form of slurries of 
enzymes in nonionic surfactants, e.g., the enzymes marketed by Novo Nordisk under the 
tradename "SL" or the microencapsulated enzymes marketed by Novo Nordisk under the 
tradename "LDP." Suitable enzymes and levels of use are described in U.S. Pat. No. 
5,576,282, 5,705,464 and 5,710,1 15. 
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Enzymes added to the compositions herein in the form of conventional enzyme 
prills are especially preferred for use herein. Such prills will generally range in size from 
about 100 to 1,000 microns, more preferably from about 200 to 800 microns and will be 
suspended throughout the non-aqueous liquid phase of the composition. Prills in the 
compositions of the present invention have been found, in comparison with other enzyme 
forms, to exhibit especially desirable enzyme stability in terms of retention of enzymatic 
activity over time. Thus, compositions which utilize enzyme prills need not contain 
conventional enzyme stabilizing such as must frequently be used when enzymes are 
incorporated into aqueous liquid detergents. 

However, enzymes added to the compositions herein may be in the form of 
granulates, preferably T-granulates. 

"Detersive enzyme", as used herein, means any enzyme having a cleaning, stain 
removing or otherwise beneficial effect in a laundry, hard surface cleaning or personal care 
detergent composition. Preferred detersive enzymes are hydrolases such as proteases, 
amylases and lipases. Preferred enzymes for laundry purposes include, but are not limited 
to, proteases, cellulases, lipases and peroxidases. Highly preferred for automatic 
dishwashing are amylases and/or proteases, including both current commercially available 
types and improved types which, though more and more bleach compatible though 
successive improvements, have a remaining degree of bleach deactivation susceptibility. 

Examples of suitable enzymes include, but are not limited to, hemicellulases, 
peroxidases, proteases, cellulases, xylanases, lipases, phospholipases, esterases, cutinases, 
pectinases, keratanases, reductases, oxidases, phenoloxidases, lipoxygenases, ligninases, 
puUulanases, tannases, pentosanases, malanases, B-glucanases, arabinosidases, 
hyaluronidase, chondroitinase, laccase, and known amylases, or mixtures thereof. 

Examples of such suitable enzymes are disclosed in U.S. Patent Nos. 5,705,464, 
5,710,115, 5,576,282, 5,728,671 and 5,707,950 

The cellulases useful in the present invention include both bacterial or fungal 
cellulases. Preferably, they will have a pH optimum of between 5 and 12 and a specific 
activity above 50 CEVU/mg (Cellulose Viscosity Unit). Suitable cellulases are disclosed in 
U.S. Patent 4,435,307, J61 078384 and WO96/02653 which discloses fungal cellulase 
produced respectively from Humicola insolens, Trichoderma, Thielavia and Sporotrichum. 
EP 739 982 describes cellulases isolated from novel Bacillus species. Suitable cellulases 
are also disclosed in GB-A-2.075.028; GB-A-2.095.275; DE-OS.2.247.832 and 
W095/26398. 

Examples of such cellulases are cellulases produced by a strain of Humicola 
insolens (Humicola grisea var. thermoidea), particularly the Humicola strain DSM 1 800. 
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Other suitable cellulases are cellulases originated from Humicola insolens having a 
molecular weight of about SOKDa, an isoelectric point of 5.5 and containing 415 amino 
acids; and a '43kD endoglucanase derived from Humicola insolens, DSM 1800, exhibiting 
cellulase activity; a preferred endoglucanase component has the amino acid sequence 
disclosed in WO 91/17243. Also suitable cellulases are the EGIII cellulases from 
Trichoderma longibrachiatum described in WO94/21801 to Genencor. Especially suitable 
cellulases are the cellulases having color care benefits. Examples of such cellulases are 
cellulases described in European patent application No. 91202879.2, filed November 6, 
1991 (Novo). Carezyme and Celluzyme (NovoNordisk A/S) are especially useful. See also 
W091/17244 and WO91/21801. Other suitable cellulases for fabric care and/or cleaning 
properties are described in WO96/34092, W096/17994 and W095/24471. 

Cellulases, when present, are normally incorporated in the cleaning composition at 
levels from 0.0001% to 2% of pure enzyme by weight of the cleaning composition. 

Peroxidase enzymes are used in combination with oxygen sources, e.g. 
percarbonate, perborate, persulfate, hydrogen peroxide, etc and with a phenolic substrate as 
bleach enhancing molecule. They are used for "solution bleaching", i.e. to prevent transfer 
of dyes or pigments removed from substrates during wash operations to other substrates in 
the wash solution. Peroxidase enzymes are known in the art, and include, for example, 
horseradish peroxidase, ligninase and haloperoxidase such as chloro- and bromo- 
peroxidase. Suitable peroxidases and peroxidase-containing detergent compositions are 
disclosed, for example, in U.S. Patent Nos. 5,705,464, 5,710,1 15, 5,576,282, 5,728,671 and 
5,707,950, PCT International Application WO 89/099813, WO89/09813 and in European 
Patent application EP No. 91202882.6, filed on November 6, 1991 and EP No. 96870013.8, 
filed February 20, 1996. Also suitable is the laccase enzyme. 

Enhancers are generally comprised at a level of from 0.1% to 5% by weight of total 
composition. Preferred enhancers are substitued phenthiazine and phenoxasine 10- 
Phenothiazinepropionicacid (PPT), lO-ethylphenothiazine-4-carboxylic acid (EPC), 10- 
phenoxazinepropionic acid (POP) and 10-methylphenoxazine (described in WO 94/12621) 
and substitued syringates (C3-C5 substitued alkyl syringates) and phenols. Sodium 
percarbonate or perborate are preferred sources of hydrogen peroxide. 
Said peroxidases are normally incorporated in the cleaning composition at levels from 
0.000 r/o to 2% of pure enzyme by weight of the cleaning composition. 

Enzymatic systems may be used as bleaching agents. The hydrogen peroxide may 
also be present by adding an enzymatic system (i.e. an enzyme and a substrate therefore) 
which is capable of generating hydrogen peroxide at the beginning or during the washing 
and/or rinsing process. Such enzymatic systems are disclosed in EP Patent Application 
91202655.6 filed October 9, 1991 . 
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Other preferred enzymes that can be included in the cleaning compositions of the 
present invention include lipases. Suitable lipase enzymes for detergent usage include those 
produced by microorganisms of the Pseudomonas group, such as Pseudomonas stutzeri 
ATCC 19.154, as disclosed in British Patent 1,372,034. Suitable lipases include those 
which show a positive immunological cross-reaction with the antibody of the lipase, 
produced by the microorganism Pseudomonas fluorescent lAM 1057. This lipase is 
available from Amano Pharmaceutical Co. Ltd., Nagoya, Japan, under the trade name 
Lipase P "Amano," hereinafter referred to as "Amano-P". Other suitable commercial lipases 
include Amano-CES, lipases ex Chromobacter viscosum, e.g. Chromobacter viscosum var. 
lipolyticum NRRLB 3673 from Toyo Jozo Co., Tagata, Japan; Chromobacter viscosum 
lipases from U.S. Biochemical Corp., U.S.A. and Disoynth Co., The Netherlands, and 
lipases ex Pseudomonas gladioli. Especially suitable lipases are lipases such as Ml 
Lipase^ Lipomax^ (Gist-Brocades) and Lipolase^ and Lipolase UltraR(Novo) which 
have found to be very effective when used in combination with the compositions of the 
present invention. Also suitable are the lipolytic enzymes described in EP 258 068. WO 
92/05249 and WO 95/22615 by Novo Nordisk and in WO 94/03578, WO 95/35381 and 
WO 96/00292 by Unilever. 

Also suitable are cutinases [EC 3.1 .1 .50] which can be considered as a special kind 
of lipase, namely lipases which do not require interfacial activation. Addition of cutinases 
to cleaning compositions have been described in e.g. WO-A-88/09367 (Genencor); WO 
90/09446 (Plant Genetic System) and WO 94/14963 and WO 94/14964 (Unilever). 

Lipases and/or cutinases, when present, are normally incorporated in the cleaning 
composition at levels from 0.0001% to 2% of pure enzyme by weight of the cleaning 
composition. 

In addition to the above referenced lipases, phospholipases may be incorporated 
into the cleaning compositions of the present invention. Nonlimiting examples of suitable 
phospholipases included: EC 3.1.1.32 Phospholipase Al; EC 3.1.1.4 Phospholipase A2; 
EC 3.1.1.5 Lysopholipase; EC 3.1.4.3 Phospholipase C; EC 3.1.4.4. Phospolipase D. 
Commercially available phospholipases include LECITASE® from Novo Nordisk A/S of 
Denmark and Phospholipase A2 from Sigma. When phospolipases are included in the 
compositions of the present invention, it is preferred that amylases are also included. 
Without desiring to be bound by theory, it is believed that the combined action of the 
phospholipase and amylase provide substantive stain removal, especially on greasy/oily, 
starchy and highly colored stains and soils. Preferably, the phospholipase and amylase, 
when present, are incorporated into the compositions of the present invention at a pure 
enzyme weight ratio between 4500: 1 and 1 :5, more preferably between 50: 1 and 1 : 1 . 



wo 99/20723 



PCT/US98/22486 



97 

Suitable proteases are the subtilisins which are obtained from particular strains of 
B. subtilis and 5. Ucheniformis (subtilisin BPN and BPN'). One suitable protease is 
obtained from a strain of Bacillus, having maximum activity throughout the pH range of 8- 
12, developed and sold as ESPERASE® by Novo Industries A/S of Denmark, hereinafter 
"Novo". The preparation of this enzyme and analogous enzymes is described in GB 
1,243,784 to Novo. Proteolytic enzymes also encompass modified bacterial serine 
proteases, such as those described in European Patent Application Serial Number 87 
303761.8, filed April 28, 1987 (particularly pages 17, 24 and 98), and which is called 
herein "Protease B", and in European Patent Application 199,404, Venegas, published 
October 29, 1986, which refers to a modified bacterial serine protealytic enzyme which is 
called "Protease A" herein. Suitable is the protease called herein "Protease C", which is a 
variant of an alkaline serine protease from Bacillus in which Lysine replaced arginine at 
position 27, tyrosine replaced valine at position 104, serine replaced asparagine at position 
123, and alanine replaced threonine at position 274. Protease C is described in EP 
90915958:4, corresponding to WO 91/06637, Published May 16, 1991. Genetically 
modified variants, particularly of Protease C, are also included herein. 

A preferred protease referred to as "Protease D" is a carbonyl hydrolase as 
described in U.S. Patent No. 5,677,272, and W095/ 10591. Also suitable is a carbonyl 
hydrolase variant of the protease described in WO95/10591, having an amino acid sequence 
derived by replacement of a plurality of amino acid residues replaced in the precursor 
enzyme corresponding to position -1-210 in combination with one or more of the following 
residues : +33, +62, +67, +76, +100, +101, +103, +104, +107, +128, +129, +130, +132, 
+135, +156, +158, +164, +166, +167, +170, +209, +215, +217, +218, and +222, where the 
numbered position corresponds to naturally-occurring subtilisin from Bacillus 
amyloliquefaciens or to equivalent amino acid residues in other carbonyl hydrolases or 
subtilisins, such as Bacillus lentus subtilisin (co-pending patent application US Serial No. 
60/048,550, filed June 04, 1997 and PCT International Application Serial No. 
PCT/IB98/00853). 

Also suitable for the present invention are proteases described in patent 
applications EP 251 446 and WO 91/06637, protease BLAP® described in WO91/02792 
and their variants described in WO 95/23221 . 

See also a high pH protease from Bacillus sp. NCIMB 40338 described in WO 
93/18140 A to Novo. Enzymatic detergents comprising protease, one or more other 
enzymes, and a reversible protease inhibitor are described in WO 92/03529 A to Novo, 
When desired, a protease having decreased adsorption and increased hydrolysis is available 
as described in WO 95/07791 to Procter & Gamble, A recombinant trypsin-like protease 
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for detergents suitable herein is described in WO 94/25583 to Novo. Other suitable 
proteases are described in EP 5 16 200 by Unilever. 

Particularly useful proteases are described in PCT publications: WO 95/30010; 
WO 95/30011; and WO 95/29979. Suitable proteases are commercially available as 
ESPERASE®, ALCALASE®, DURAZYM®, SAVINASE®, EVERLASE® and 
KANNASE® all from Novo Nordisk A/S of Denmark, and as MAXATASE®, 
MAXACAL®, PROPERASE® and MAXAPEM® all from Genencor International 
(formerly Gist-Brocades of The Netherlands). 

Such proteolytic enzymes, when present, are incorporated in the cleaning 
compositions of the present invention a level of from 0.0001% to 2%, preferably from 
0.001% to 0.2%, more preferably from 0.005% to 0.1% pure enzyme by weight of the 
composition. 

Amylases (a and/or B) can be included for removal of carbohydrate-based stains. 
WO94/02597 describes cleaning compositions which incorporate mutant amylases. See 
also W095/ 10603. Other amylases known for use in cleaning compositions include both a 
- and p-amylases. a-Amylases are known in the art and include those disclosed in US Pat. 
no. 5,003,257; EP 252,666; WO/91/00353; FR 2,676,456; EP 285,123; EP 525,610; EP 
368,341; and British Patent specification no. 1,296,839 (Novo). Other suitable amylases are 
stability-enhanced amylases described in W094/18314 and WO96/05295, Genencor, and 
amylase variants having additional modification in the immediate parent available from 
Novo Nordisk A/S, disclosed in WO 95/10603. Also suitable are amylases described in EP 
277 216. 

Examples of commercial a-amylases products are Purafect Ox Am® from 
Genencor and Termamyl®, Ban® ,Fungamyl® and Duramyl®, all available from Novo 
Nordisk A/S Denmark. W095/26397 describes other suitable amylases : a-amylases 
characterised by having a specific activity at least 25% higher than the specific activity of 
Termamyl® at a temperature range of 25°C to 55°C and at a pH value in the range of 8 to 
10, measured by the Phadebas® a-amylase activity assay. Suitable are variants of the 
above enzymes, described in W096/23873 (Novo Nordisk). Other amylolytic enzymes with 
improved properties with respect to the activity level and the combination of 
thermostability and a higher activity level are described in W095/35382. 

Such amylolytic enzymes, when present, are incorpiorated in the cleaning 
compositions of the present invention a level of fi-om 0.0001% to 2%, preferably from 
0.00018% to 0.06%, more preferably from 0.00024% to 0.048% pure enzyme by weight of 
the composition. 

The above-mentioned enzymes may be of any suitable origin, such as vegetable, 
animal, bacterial, ftingal and yeast origin. Origin can further be mesophilic or extremophilic 
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(psychrophilic, psychrotrophic, thermophilic, barophilic, alkalophilic, acidophilic, 
halophilic, etc.). Purified or non-purified forms of these enzymes may be used. Nowadays, 
it is common practice to modify wild-type enzymes via protein / genetic engineering 
techniques in order to optimize their performance efficiency in the laundry detergent and/or 
fabric care compositions of the invention. For example, the variants may be designed such 
that the compatibility of the enzyme to commonly encountered ingredients of such 
compositions is increased. Alternatively, the variant may be designed such that the optimal 
pH, bleach or chelant stability, catalytic activity and the like, of the enzyme variant is 
tailored to suit the particular cleaning application. 

In particular, attention should be focused on amino acids sensitive to oxidation in 
the case of bleach stability and on surface charges for the surfactant compatibility. The 
isoelectric point of such enzymes may be modified by the substitution of some charged 
amino acids, e.g. an increase in isoelectric point may help to improve compatibility with 
anionic surfactants. The stability of the enzymes may be further enhanced by the creation of 
e.g. additional salt bridges and enforcing calcium binding sites to increase chelant stability. 

These optional detersive enzymes, when present, are normally incorporated in the 
cleaning composition at levels from 0.0001% to 2% of pure enzyme by weight of the 
cleaning composition. The enzymes can be added as separate single ingredients (prills, 
granulates, stabilized liquids, etc... containing one enzyme ) or as mixtures of two or more 
enzymes ( e.g. cogranulates ). 

Other suitable detergent ingredients that can be added are enzyme oxidation 
scavengers. Examples of such enzyme oxidation scavengers are ethoxylated tetraethylene 
polyamines. 

A range of enzyme materials and means for their incorporation into synthetic 
detergent compositions is also disclosed in WO 9307263 and WO 9307260 to Genencor 
International, WO 8908694, and U.S. 3,553,139, January 5, 1971 to McCarty et al. 
Enzymes are further disclosed in U.S. 4,101,457, and in U.S. 4,507,219. Enzyme materials 
useful for liquid detergent formulations, and their incorporation into such formulations, are 
disclosed in U.S. 4,261,868. 

F . pTyme Stabilizers - Enzymes for use in detergents can be stabilized by various techniques. 
Enzyme stabilization techniques are disclosed and exemplified in U.S. 3,600,319, EP 
199,405 and EP 200,586. Enzyme stabilization systems are also dtjscribed, for example, in 
U.S. 3,519,570. A useful Bacillus, sp. AC13 giving proteases, xylanases and cellulases, is 
described in WO 9401532. The enzymes employed herein can be stabilized by the presence 
of water-soluble sources of calcium and/or magnesium ions in the finished compositions 
which provide such ions to the enzymes. Suitable enzyme stabilizers and levels of use are 
described in U.S. Pat. Nos. 5,705,464, 5,710,1 15 and 5,576,282. 
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Builders - The detergent and cleaning compositions described herein preferably comprise 
one or more detergent builders or builder systems. When present, the compositions will 
typically comprise at least about 1% builder, preferably from about 5%, more preferably 
from about 10% to about 80%, preferably to about 50%, more preferably to about 30% by 
weight, of detergent builder. Lower or higher levels of builder, however, are not meant to 
be excluded. 

Preferred builders for use in the detergent and cleaning compositions, particularly 
dishwashing compositions, described herein include, but are not limited to, water-soluble 
builder compounds, (for example polycarboxylates) as described in U.S. Patent Nos. 
5,695,679, 5,705,464 and 5,710,1 15. Other suitable polycarboxylates are disclosed in 
U.S. Patent Nos. 4,144,226, 3,308,067 and 3,723,322. Preferred polycarboxylates are 
hydroxycarboxylates containing up to three carboxy groups per molecule, more 
particularly titrates. 

Inorganic or P-containing detergent builders include, but are not limited to, the 
alkali metal, ammonium and alkanolammonium salts of polyphosphates (exemplified by 
the tripolyphosphates, pyrophosphates, and glassy polymeric m eta-phosphates), 
phosphonates (see, for example, U.S. Patent Nos. 3,159,581; 3,213,030; 3,422,021; 
3,400,148 and 3,422,137), phytic acid, silicates, carbonates (including bicarbonates and 
sesquicarbonates), sulphates, and aluminosilicates. 

However, non-phosphate builders are required in some locales. Importantly, the 
compositions herein function surprisingly well even in the presence of the so-called "weak" 
builders (as compared with phosphates) such as citrate, or in the so-called "underbuilt" 
situation that may occur with zeolite or layered silicate builders. 

Suitable silicates include the water-soluble sodium silicates with an Si02:Na20 
ratio of from about 1.0 to 2.8, with ratios of from about 1 .6 to 2.4 being preferred, and 
about 2.0 ratio being most preferred. The silicates may be in the form of either the 
anhydrous salt or a hydrated salt. Sodium silicate with an SiOjiNajO ratio of 2.0 is the 
most preferred. Silicates, when present, are preferably present in the detergent and 
cleaning compositions described herein at a level of from about 5% to about 50% by 
weight of the composition, more preferably from about 10% to about 40% by weight. 

Partially soluble or insoluble builder compounds, which are suitable for use in the 
detergent and cleaning compositions, particularly granular detergent compositions, include, 
but are not limited to, crystalline layered silicates, preferably crystalline layered sodium 
silicates (partially water-soluble) as described in U.S. Patent No. 4,664,839, and sodium 
aluminosilicates (water-insoluble). When present in detergent and cleaning compositions, 
these builders are typically present at a level of from about 1% to 80% by weight. 
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preferably from about 10% to 70% by weight, most preferably from about 20% to 60% by 
weight of the composition. 

Crystalline layered sodium silicates having the general formula 
NaMSix02x+ryH20 wherein M is sodium or hydrogen, x is a number from about 1 .9 to 
about 4, preferably from about 2 to about 4, most preferably 2, and y is a number from 
about 0 to about 20, preferably 0 can be used in the compositions described herein. 
Crystalline layered sodium silicates of this type are disclosed in EP-A-0164514 and 
methods for their preparation are disclosed in DE-A-341 7649 and DE-A-3742043. The 
most preferred material is delta-Na2Si05, available from Hoechst AG as NaSKS-6 
(commonly abbreviated herein as "SKS-6"). Unlike zeolite builders, the Na SKS-6 silicate 
builder does not contain aluminum. NaSKS-6 has the delta-NasSiOs morphology form of 
layered silicate. SKS-6 is a highly preferred layered silicate for use in the compositions 
described herein herein, but other such layered silicates, such as those having the general 
formula NaMSix02x+i yH20 wherein M is sodium or hydrogen, x is a number from 1 .9 
to 4, preferably 2, and y is a number from 0 to 20. preferably 0 can be used in the 
compositions described herein. Various other layered silicates from Hoechst include 
NaSKS-5, NaSKS-7 and MaSKS-1 1, as the alpha, beta and gamma forms. As noted above, 
the delta-Na2Si05 (NaSKS-6 form) is most preferred for use herein. Other silicates may 
also be useful such as for example magnesium silicate, which can serve as a crispening 
agent in granular formulations, as a stabilizing agent for oxygen bleaches, and as a 
component of suds control systems. 

The crystalline layered sodium silicate material is preferably present in granular 
detergent compositions as a particulate in intimate admixture with a solid, water-soluble 
ionizable material. The solid, water-soluble ionizable material is preferably selected from 
organic acids, organic and inorganic acid salts and mixtures thereof. 

Aluminosilicate builders are of great importance in most currently marketed heavy 
duty granular detergent compositions, and can also be a significant builder ingredient in 
liquid detergent formulations. Aluminosilicate builders have the empirical formula: 

(Mz(AI02)y]xH20 

wherein z and y are integers of at least 6, the molar ratio of z to y is in the range from 1 .0 
to about 0.5, and x is an integer from about 15 to about 264. Preferably, the 
aluminosilicate builder is an aluminosilicate zeolite having the unit cell formula: 

Na,[(A102),(SiOj)y] xHjO 
wherein z and y are at least 6; the molar ratio of z to y is from 1 .0 to 0.5 and x is at least 5. 
preferably 7.5 to 276, more preferably from 10 to 264. The aluminosilicate builders are 
preferably in hydrated form and are preferably crystalline, containing from about 10% to 
about 28%, more preferably from about 1 8% to about 22% water in bound form. 
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These aluminosilicate ion exchange materials can be crystalline or amorphous in 
structure and can be naturally-occurring aluminosilicates or synthetically derived. A 
method for producing aluminosilicate ion exchange materials is disclosed in U.S. 
3,985,669. Preferred synthetic crystalline aluminosilicate ion exchange materials useful 
herein are available under the designations Zeolite A, Zeolite B, Zeolite P, Zeolite X, 
Zeolite MAP and Zeolite HS and mixtures thereof. In an especially preferred embodiment, 
the crystalline aluminosilicate ion exchange material has the formula: 

Nai2[(A102)i2(Si02)i2l-^20 
wherein x is from about 20 to about 30, especially about 27. This material is know^n as 
Zeolite A. Dehydrated zeolites (x = 0 - 10) may also be used herein. Preferably, the 
aluminosilicate has a particle size of about 0.1-10 microns in diameter. Zeolite X has the 
formula: 

Na86[(AI02)86(Si02) 1 06]*276H2O 

Citrate builders, e.g., citric acid and soluble salts thereof (particularly sodium salt), 
are polycarboxylate builders of particular importance for heavy duty liquid detergent 
formulations due to their availability from renewable resources and their biodegradability. 
Citrates can also be used in granular compositions, especially in combination with zeolite 
and/or layered silicate builders. Oxydisuccinates are also especially useful in such 
compositions and combinations. 

Also suitable in the detergent compositions described herein are the 3,3-dicarboxy- 
4-oxa-l,6-hexanedioates and the related compounds disclosed in U.S. 4,566,984. Useful 
succinic acid builders include the C5-C20 alkyl and alkenyl succinic acids and salts 

thereof. A particularly preferred compound of this type is dodecenylsuccinic acid. 
Specific examples of succinate builders include: laurylsuccinate, myristylsuccinate, 
palmitylsuccinate, 2-dodecenylsuccinate (preferred), 2-pentadecenylsuccinate, and the like. 
Laurylsuccinates are the preferred builders of this group, and are described in European 
Patent Application 86200690.5/0,200,263, published November 5, 1986. 

Fatty acids, e.g., C12-C18 monocarboxylic acids, can also be incorporated into the 

compositions alone, or in combination with the aforesaid builders, especially citrate and/or 
the succinate builders, to provide additional builder activity. Such use of fatty acids will 
generally result in a diminution of sudsing, which should be taken into account by the 
formulator. 

Dispersants - One or more suitable polyalkyleneimine dispersants may be incorporated into 
the cleaning compositions of the present invention. Examples of such suitable dispersants 
can be found in European Patent Application Nos. 1 1 1,965, 1 1 1,984, and 1 12,592; U.S. 
Patent Nos. 4,597,898, 4,548,744, and 5,565,145. However, any suitable clay/soil 
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dispersent or anti-redepostion agent can be used in the laundry compositions of the present 
invention. 

In addition, polymeric dispersing agents which include polymeric polycarboxylates 
and polyethylene glycols, are suitable for use in the present invention. Unsaturated 
monomeric acids that can be polymerized to form suitable polymeric polycarboxylates 
include acrylic acid, maleic acid (or maleic anhydride), fumaric acid, itaconic acid, aconitic 
acid, mesaconic acid, citraconic acid and methylenemalonic acid. Particularly suitable 
polymeric polycarboxylates can be derived from acrylic acid. Such acrylic acid-based 
polymers which are useful herein are the water-soluble salts of polymerized acrylic acid. 
The average molecular weight of such polymers in the acid form preferably ranges from 
about 2,000 to 10,000, more preferably from about 4,000 to 7,000 and most preferably from 
about 4,000 to 5,000. Water-soluble salts of such acrylic acid polymers can include, for 
example, the alkali metal, ammonium and substituted ammonium salts. Soluble polymers 
of this type are known materials. Use of polyacrylates of this type in detergent 
compositions has been disclosed, for example, in U.S. 3,308,067. 

Acrylic/maleic-based copolymers may also be used as a preferred component of the 
dispersing/anti-redeposition agent. Such materials include the water-soluble salts of 
copolymers of acrylic acid and maleic acid. The average molecular weight of such 
copolymers in the acid form preferably ranges from about 2,000 to 100,000, more 
preferably from about 5,000 to 75,000, most preferably from about 7,000 to 65,000. The 
ratio of acrylate to maleate segments in such copolymers will generally range from about 
30: 1 to about 1:1, more preferably from about 10:1 to 2: 1 . Water-soluble salts of such 
acrylic acid/maleic acid copolymers can include, for example, the alkali metal, ammonium 
and substituted ammonium salts. Soluble acrylate/maleate copolymers of this type are 
known materials which are described in European Patent Application No, 66915, published 
December 15, 1982, as well as in EP 193,360, published September 3, 1986, which also 
describes such polymers comprising hydroxy propylacry late. Still other useful dispersing 
agents include the maleic/acrylic/vinyl alcohol terpolymers. Such materials are also 
disclosed in EP 193,360, including, for example, the 45/45/10 terpolymer of 
acrylic/maleic/vinyl alcohol. 

Another polymeric material which can be included is polyethylene glycol (PEG). 
PEG can exhibit dispersing agent performance as well as act as a clay soil removal- 
antiredeposition agent. Typical molecular weight ranges for these purposes range from 
about 500 to about 100,000, preferably from about 1,000 to about 50,000, more preferably 
from about 1,500 to about 10,000. 



aSDOCID: <WO 9920723A2_IA> 



wo 99/20723 



PCT/US98/22486 



104 

Polyaspartate and polyglutamate dispersing agents may also be used, especially in 
conjunction with zeolite builders. Dispersing agents such as polyaspartate preferably have 
a molecular weight (avg.) of about 10,000. 

Soil Release Agents - The compositions according to the present invention may 
optionally comprise one or more soil release agents. If utilized, soil release agents will 
generally comprise from about 0.01%, preferably from about 0.1%, more preferably from 
about 0.2% to about 10%, preferably to about 5%, more preferably to about 3% by weight, 
of the composition. Nonlimiting examples of suitable soil release polymers are disclosed 
in: U.S. Patent Mos. 5,728,671; 5,691,298; 5,599,782; 5,415,807; 5,182,043; 4,956,447; 
4,976,879; 4,968,451; 4,925,577; 4,861,512; 4,877,896; 4,771,730; 4,71 1,730; 4,721,580; 
4,000,093; 3,959,230; and 3,893,929; and European Patent Application 0 219 048. 

Further suitable soil release agents are described in U.S. Patent Nos. 4,201,824; 
4,240,918; 4,525,524; 4,579,681; 4,220,918; and 4,787,989; EP 279,134 A; EP 457,205 A; 
and DE 2,335,044. 

Chelating Agents - The compositions of the present invention herein may also optionally 
contain a chelating agent which serves to chelate metal ions and metal impurities which 
would otherwise tend to deactivate the bleaching agent(s). Useful chelating agents can 
include amino carboxylates, phosphonates, amino phosphonates, polyfunctionally- 
substituted aromatic chelating agents and mixtures thereof. Further examples of suitable 
chelating agents and levels of use are described in U.S. Pat. Nos. 5,705,464, 5,710,1 15, 
5,728,671 and 5,576,282. 

The compositions herein may also contain water-soluble methyl glycine diacetic 
acid (MGDA) salts (or acid form) as a chelant or co-builder useful with, for example, 
insoluble builders such as zeolites, layered silicates and the like. 

If utilized, these chelating agents will generally comprise from about 0.1% to about 
15%, more preferably from about 0.1% to about 3.0% by weight of the detergent 
compositions herein. 

Suds suppressor - Another optional ingredient is a suds suppressor, exemplified by 
silicones, and silica-silicone mixtures. Examples of suitable suds suppressors are disclosed 
in U.S. Patent Nos. 5,707,950 and 5,728,67 1 . These suds suppressors are normally 
employed at levels of from 0.001% to 2% by weight of the composition, preferably from 
0.01% to 1% by weight. 

Softening agents - Fabric softening agents can also be incorporated into laundry detergent 
compositions in accordance with the present invention. Inorganic softening agents are 
exemplified by the smectite clays disclosed in GB-A-1 400 898 and in U.S. 5,019,292. 
Organic softening agents include the water insoluble tertiary amines as disclosed in GB-A- 
1 514 276 and EP-B-01 1 340 and their combination with mono C12-C14 quaternary 
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ammonium salts are disclosed in EP-B-026 527 and EP-B-026 528 and di-long-chain 
amides as disclosed in EP-B-0 242 919. Other useful organic ingredients of fabric softening 
systems include high molecular weight polyethylene oxide materials as disclosed in EP-A-0 
299 575 and 0 313 146. 

Particularly suitable fabric softening agents are disclosed in U.S. Patent Nos. 
5,707,950 and 5,728,673. 

Levels of smectite clay are normally in the range from 2% to 20%, more preferably 
from 5% to 15% by weight, with the material being added as a dry mixed component to the 
remainder of the formulation. Organic fabric softening agents such as the water-insoluble 
tertiary amines or dilong chain amide materials are incorporated at levels of from 0.5% to 
5% by weight, normally from 1% to 3% by weight whilst the high molecular weight 
polyethylene oxide materials and the water soluble cationic materials are added at levels of 
from 0.1% to 2%, normally from 0.15% to 1.5% by weight. These materials are normally 
added to the spray dried portion of the composition, although in some instances it may be 
more convenient to add them as a dry mixed particulate, or spray them as molten liquid on 
to other solid components of the composition. 

Biodegradable quaternary ammonium compounds as described in EP-A-040 562 
and EP-A-239 910 have been presented as altematives to the traditionally used di-long 
alkyi chain ammonium chlorides and methyl sulfates. 

Non-limiting examples of softener-compatible anions for the quaternary 
ammonium compounds and amine precursors include chloride or methyl sulfate. 
Dve transfer inhibition - The detergent compositions of the present invention can also 
include compounds for inhibiting dye transfer from one fabric to another of solubilized and 
suspended dyes encountered during fabric laundering and conditioning operations involving 
colored fabrics. 

Polymeric dye transfer inhibiting agents 

The detergent compositions according to the present invention can also comprise 
from 0.001% to 10 %, preferably from 0.01% to 2%, more preferably from 0.05% to 1% by 
weight of polymeric dye transfer inhibiting agents. Said polymeric dye transfer inhibiting 
agents are normally incorporated into detergent compositions in order to inhibit the transfer 
of dyes from colored fabrics onto fabrics washed therewith. These polymers have the ability 
to complex or adsorb the fugitive dyes washed out of dyed fabrics before the dyes have the 
opportunity to become attached to other articles in the wash. 

Especially suitable polymeric dye transfer inhibiting agents are polyamine N-oxide 
polymers, copolymers of N-vinylpyrrolidone and N-vinylimidazole, polyvinylpyrrolidone 
polymers, polyvinyloxazolidones and polyvinylimidazoles or mixtures thereof. Examples 
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of such dye transfer inhibiting agents are disclosed in U.S. Patent Nos. 5,707,950 and 
5,707,951. 

Additional suitable dye transfer inhibiting agents include, but are not limited to, 
cross-linked polymers. Cross-linked polymers are polymers whose backbone are 
interconnected to a certain degree; these links can be of chemical or physical nature, 
possibly with active groups n the backbone or on branches; cross-linked polymers have 
been described in the Journal of Polymer Science, volume 22, pages 1035-1039. 

In one embodiment, the cross-linked polymers are made in such a way that they 
form a three-dimensional rigid structure, which can entrap dyes in the pores formed by the 
three-dimensional structure. In another embodiment, the cross-linked polymers entrap the 
dyes by swelling. Such cross-linked polymers are described in the co-pending European 
patent application 948702 1 3 .9. 

Addition of such polymers also enhances the performance of the enzymes according 
the invention. 

pH and Buffering Variation - Many of the detergent and cleaning compositions 
described herein will be buffered, i.e., they are relatively resistant to pH drop in the 
presence of acidic soils. However, other compositions herein may have exceptionally low 
buffering capacity, or may be substantially unbuffered. Techniques for controlling or 
varying pH at recommended usage levels more generally include the use of not only 
buffers, but also additional alkalis, acids, pH-jump systems, dual compartment containers, 
etc., and are well known to those skilled in the art. 

The preferred ADD compositions herein comprise a pH-adjusting component 
selected from water-soluble alkaline inorganic salts and water-soluble organic or inorganic 
builders as described in U.S. Patent Nos. 5,705,464 and 5,710,1 15. 

Material Care Agents - The preferred ADD compositions may contain one or more material 
care agents which are effective as corrosion inhibitors and/or anti-tarnish aids as described 
in U.S. Patent Nos. 5,705,464, 5,710,1 15 and 5,646,101 . 

When present, such protecting materials are preferably incorporated at low levels, 
e.g., from about 0.01% to about 5% of the ADD composition. 

Other Materials - Detersive ingredients or adjuncts optionally included in the instant 
compositions can include one or more materials for assisting or enhancing cleaning 
performance, treatment of the substrate to be cleaned, or designed to improve the aesthetics 
of the compositions. Adjuncts which can also be included in compositions of the present 
invention, at their conventional art-established levels for use (generally, adjunct materials 
comprise, in total, from about 30% to about 99.9%, preferably from about 70% to about 
95%, by weight of the compositions), include other active ingredients such as non- 
phosphate builders, color speckles, silvercare, anti-tamish and/or anti-corrosion agents. 
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dyes, fillers, germicides, alkalinity sources, hydrotropes, anti-oxidants, perfumes, 
solubilizing agents, carriers, processing aids, pigments, and pH control agents as described 
in U.S. Patent Nos. 5,705,464, 5,710,115, 5,698,504, 5,695,679, 5,686,014 and 5,646,101. 
Methods of Cleaning - In addition to the methods for cleaning fabrics, dishes and other hard 
surfaces, and body parts by personal cleansing, described herein, the invention herein also 
encompasses a laundering pretreatment process for fabrics which have been soiled or 
stained comprising directly contacting said stains and/or soils with a highly concentrated 
form of the cleaning composition set forth above prior to washing such fabrics using 
conventional aqueous washing solutions. Preferably, the cleaning composition remains in 
contact with the soil/stain for a period of from about 30 seconds to 24 hours prior to 
washing the pretreated soiled/stained substrate in conventional manner. More preferably, 
pretreatment times will range from about 1 to 1 80 minutes. 

The following examples are meant to exemplify compositions of the present 
invention, but are not necessarily meant to limit or otherwise define the scope of the 
invention. 

In all of the following examples Protease' means a protease variant comprising 
substitution of amino acid residues with another naturally occurring amino acid residue at 
positions corresponding to positions 101G/103A/104I/159D/232V/236H/245R/248D/252K 
of Bacillus amyloliquefaciens subtilisin. Protease* can be substituted with any other 
additional protease variant of the present invention, with substantially similar results in the 
following examples. 

In the cleaning composition examples of the present invention, the Protease' 
enzyme levels are expressed by pure enzyme by weight of the total composition, the other 
enzyme levels are expressed by raw material by weight of the total composition, and unless 
otherwise specified, the other ingredients are expressed by weight of the total composition. 

Further, in all of the following examples Amylase^ means an amylase variant 
according to the present invention. 

Further, in the following examples some abbreviations known to those of ordinary 
skill in the art are used, consistent with the disclosure set forth herein. 
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Examples 1-7 
Liquid Hard Surface Cleaning Compositions 

Example No. 



Component 


1 


2 


3 


4 


5 


6 


7 


Protease 


0.05 


0.05 


0.20 


0.02 


0.03 


0.10 


0.03 


Protease 












0.20 


0.1 


Amylase 


* 


0.002 


0.002 


0.0005 


0.04 


0.0008 


0.005 


Chelant** 








2.90 


2.90 






Citrate 












2.90 


2.90 


LAS 




1.95 




1.95 




1.95 




AS 


2.00 




2.20 




2.20 




2.20 


AES 


2.00 




2.20 




2.20 




2.20 


Amine Oxide 


0.40 




0.50 




0.50 




0.50 


Hydrotrope 




1.30 




1.30 




1.30 




Solvent*** 




6.30 


6.30 


6.30 


6.30 


6.30 


6.30 


Water and Minors 








balance to 1 00% 







^ Protease other than the Protease' including but not limited to the additional proteases 

useful in the present invention described herein, 
**Na4 ethylenediamine diacetic acid 

***Diethyleneglycol monohexyl ether 
****A11 formulas adjusted to pH 7 

In Examples 6 and 7, any combination of the protease enzymes useful in the 
present invention recited herein, among others, are substituted for Protease' and Protease^, 
with substantially similar results. 



JSDOCID: <WO 9920723A2_IA> 



wo 99/20723 



PCTAJS98/22486 



109 



Examples 2-7 
Dishwashing Composition 

Example No. 



Cpmppnent 


2 


3 


4 


5 




7 


Protease' 


0.05 


0.50 


0.02 


0.40 


0.10 


0.03 


Protease^ 


- 


- 


- 


- 


0.40 


0.1 


Amylase^ 


0.002 


0.002 


0.0005 


0.04 


0.OO08 


0.005 


TFAAI 


0.90 


0.90 


0.90 


0.90 


0.90 


0.90 


AES 


12.00 


12.00 


12.00 


12.00 


12.00 


12.00 


2-methyl undecanoic acid 


4.50 


4.50 




4.50 


4.50 




Ci2 ethoxy (2) carboxylate 


4.50 


4.50 


4.50 


4.50 


4.50 


4.50 


C\2 alcohol ethoxylate (4) 


3.00 


3.00 


3.00 


3.00 


3.00 


3.00 


Amine oxide 


3.00 


3.00 


3.00 


3.00 


3.00 


3.00 


Hydrotrope 


2.00 


2.00 


2.00 


2.00 


2.00 


2.00 


Ethanol 


4.00 


4.00 


4.00 


4.00 


4.00 


4.00 


Mg"^ (as MgCl2) 


0.20 


0.20 


0.20 


0.20 


0.20 


0.20 


Ca"^ (as CaCl2) 


0.40 


0.40 


0.40 


0.40 


0.40 


0.40 


w^ter and Minprs**** 








to 100% 







^ Protease other than the Protease* including but not limited to the additional proteases 
useful in the present invention described herein. 
**** Product pH is adjusted to 7. 

In Examples 6 and 7, any combination of the protease enzymes useful in the 
present invention recited herein, among others, are substituted for Protease* and Protease^, 
with substantially similar results. 



Example 8 

Dishwashing Compositi ons f A&B A DW: C Liquid^ 

Cpmppncnt A B 

STPP 17.5 

Citrate 15.0 

Sodium polyacrylate (MW 4500) 0.80 

Acusol480N - 5.10 

Potassium carbonate 8.30 

Sodium carbonate - 8.50 

2.1rK Silicate 3.99 

2.0rNa Silicate 2.00 
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3.2r Na Silicate 
Aluminum tristearate 
Nonionic surfactant 
NaAE0.6S 
Glucose amide 
C10E8 
Betaine 
Amine oxide 
Magnesium as oxide 
Hydrotrope 

Sodium hypochlorite as AvCU 
Amylase^ 
Protease* 
Balance to 100% 

Example g 

Li quid Dishwashing Compositions (especially su itable under Japanese conditions^ 



Component 


A 


B 


AE1.4S 


24.69 


24.69 


N-cocoyl N-methyl glucamine 


3.09 


3.09 


Amine oxide 


2.06 


2.06 


Betaine 


2.06 


2.06 


Nonionic surfactant 


4.11 


4.11 


Hydrotrope 


4.47 


4.47 


Magnesium 


0.49 


0.49 


Ethanol 


7.2 


7.2 


LemonEase 


0.45 


0.45 


Geraniol/BHT 




0.60/0.02 


Amylase' 


0.03 


0.005 


Protease' 


0.01 


0.43 



Balance to 100% 



5.18 
0.10 



1.15 
0.002 
0.01 



2.50 



0.03 
0.43 



24.70 
3.09 
4.11 
2.06 
2.06 
0.49 
4.47 

0.005 
0.05 
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Granular Automatic Dishwashing Composition 



Component 
Citric Acid 
Citrate 

Acrylate/methacrylate copolymer 

Acrylic acid maleic acid copolymer 

Dry add carbonate 

Alkali metal silicate 

Paraffin 

Benzotriazole 

Amylase' 

Protease' 

Percarbonate (AvO) 

Perborate monohydrate 

Perborate tetrahydrate 

Tetraacetylethylene diamine 

Diethylene triamine penta methyl phosphonic acid 

(Mg salt) 

Alkyl ethoxy sulphate - 3 times ethoxylated 

Alkyl ethoxy propoxy nonionic surfactant 

Suds suppressor 

Olin SLF18 nonionic surfactant 

Sulphate 



A 
15.0 
4.0 
6.0 

9.0 
8.5 



1.6 
0.2 
1.5 



3.8 
0.13 

3.0 

2.0 



29.0 

3.7 

17.0 

0.5 

0.3 

1.6 

0.1 

0.3 
0.9 
4.4 
0.13 



1.5 



15.0 
6.0 

20.0 
9.0 



1.6 
0.06 

1.5 
0.13 



2.0 



Balance to 100% 



Example 1 1 

Compact high density (0.96Kg/l) dishwashing detergent compositions A to F in 
accordance with the invention: 



Component 


A 


B 


C 


D 


E 


F 


STPP 




51.4 


51.4 






44.3 


Citrate 


17.05 






49.6 


40.2 




Carbonate 


17.50 


14.0 


20.0 




8.0 


33.6 


Bicarbonate 








26.0 






Silicate 


14.81 


15.0 


8.0 




25.0 


3.6 


Metasilicate 


2.50 


4.5 


4.5 








PBl 


9.74 


7.79 


7.79 








PB4 








9.6 
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Percarbonate 










11.8 


4.8 


Nonionic 


2.00 


1.50 


1.50 


2.6 


1.9 


5.9 


TAED 


2.39 






3.8 




1.4 


HEDP 


1.00 












DETPMP 


0.65 












Mn TACN 










0.008 




PAAC 




0.008 


0.008 








Paraffin 


0.50 


0.38 


0.38 


0.6 






Protease' 


0.1 


0.06 


0.05 


0.03 


0.07 


0.01 


Amylase^ 


1.5 


1.5 


1.5 


2.6 


2.1 


0.8 


BTA 


0.30 


0.22 


0.22 


0.3 


0.3 


0.3 


Polycarboxylate 


6.0 








4.2 


0.9 


Perfume 


0.2 


0.12 


0.12 


0.2 


0.2 


0.2 


Sulphate / Water 


20.57 


1.97 


2.97 


3.6 


4.5 


3.9 


pH (1% solution) 


11.0 


11.0 


11.3 


9.6 


10.8 


10.9 



Granular dishwashing detergent compositions examples A to F of bulk density 
1 .02Kg/L in accordance with the invention: 



Component 


A 


B 


C 


D 


E 


F 


STPP 


30.00 


33.5 


27.9 


29.62 


33.8 


22.0 


Carbonate 


30.50 


30.50 


30.5 


23.00 


34.5 


45.0 


Silicate 


7.40 


7.50 


12.6 


13.3 


3.2 


6.2 


Metasilicate 




4.5 










Percarbonate 










4.0 




PBl 


4.4 


4.5 


4.3 








NaDCC 








2.00 




0.9 


Nonionic 


1.0 


0.75 


1.0 


1.90 


0.7 


0.5 


TAED 


1.00 








0.9 




PAAC 




0.004 










Paraffin 


0.25 


0.25 










Protease' 


0.05 


0.06 


0.025 


0.1 


0.02 


0.07 


Amylase^ 


0.38 


0.64 


0.46 




0.6 




BTA 


0.15 


0.15 






0.2 




Perfume 


0.2 


0.2 


0.05 


0.1 


0.2 




Sulphate/water 


23.45 


16.87 


22.26 


30.08 


21.7 


25.4 
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pH (1% solution) 


10.80 


11.3 


11.0 


10.70 


11.5 


10.9 



Example 13 

Tablet detergent composition examples A to H in accordance with the present 
invention are prepared by compression of a granular dishwashing detergent composition at 



Component 


A 


B 


C 


D 


E 


F 


G 


H 


STPP 




48.8 


54.7 


38.2 




52.4 


56.1 


36.0 


Citrate 


20.0 








35.9 








Carbonate 


20.0 


5.0 


14.0 


15.4 


8.0 


23.0 


20.0 


28.0 


Silicate 


15.0 


14.8 


15.0 


12.6 


23.4 


2.9 


4.3 


4.2 


Protease* 


0.05 


0.09 


0.05 


0.03 


0.06 


0.03 


0.03 


0.1 


Amylase^ 


1.5 


1.5 


1.5 


0.85 


1.9 


0.4 


2.1 


0.3 


PBl 


14.3 


7.8 


11.7 


12.2 






6.7 


8.5 


PB4 










22.8 




3.4 




Percarbonate 












10.4 






Nonionic 


1.5 


2.0 


2.0 


2.2 


1.0 


4.2 


4.0 


6.5 


PAAC 






0.016 


0.009 










MnTACN 










0.007 








TAED 


2.7 


2.4 








2.1 


0.7 


1.6 


HEDP 


1.0 


_ 


_ 


0.93 




0.4 


0.2 




DETPMP 


0.7 
















Paraffin 


0.4 


0.5 


0.5 


0.55 






0.5 




BTA 


0.2 


0.3 


0.3 


0.33 


0.3 


0.3 


0.3 




Polycarboxylate 


4.0 








4.9 


0.6 


0.8 




PEG 












2.0 




2.0 


Glycerol 












0.4 




0.5 


Perfume 








0.05 


0.20 


0.2 


0.2 


0.2 


Sulphate / water 


17.4 


14.7 




15.74 








11.3 


weight of tablet 


20g 


25s 


20g 


30g 


18g 


20g 


25g 


24.0 


pH (1% solution) 


10.7 


10.6 


10.7 


10.7 


10.9 


11.2 


11.0 


10.8 
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Example I4 

Dimple Tab let Automatic Dis^hwaghing Compo^itmn 



Component 


A (% R.M.) 


E (g R.M.) 


£(gR.M.) 


Tablet Body 








Sodium Carbonate 


15.348 


3.500 


5.25 


STPP(12%H20) 


46.482 


10.600 


9.93 


Gran HEDP 


0.789 


0.180 


0.28 


SKS6 


6.578 


1.500 


2.25 


2 ratio Silicate 


7.016 


1.600 


1.65 


PBl 


10.743 


2.450 


3.68 


Termamyl 2x PCA 


0.491 


0.112 


.17 


Savinase 


0.526 


0.120 


0.18 


Plurafac 


3.508 


0.800 


0.9 


BTA 


0.263 


0.060 


0.09 


PEG 


1.140 


0.260 


- 


PEG 4000 


- 


- 


0.39 


Winog 


0.439 


0.100 


0.15 


Perfume 


0.101 


0.023 


0.01 


Dimple Filling 








Citric Acid 


0.987 


0.225 


0.23 


Bicarbonate 


2.600 


0.593 


0.59 


Sandolan EHRL Dye 


0.007 


0.0017 


0.0017 


PEG 400/4000 


0.395 


0.090 




PEG 400 






0.02 


PEG 4000 






0.08 


Protease' 


0.05 


0.268 


0.27 


Amylase' 


1.412 


0.322 


0.32 



Granular Fa bric Cleaning Composition 

The granular fabric cleaning compositions of the present invention contain an 
effective amount of one or more protease enzymes, preferably from about 0.001% to about 
10%, more preferably, from about 0.005% to about 5%, more preferably from 0.01% to 
about 1% by weight of active protease enzyme of the composition. (See U.S. Patent No. 
5,679,630 Examples). 
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Example 15 
Granular Fabric rieaninp Composition 

Example No. 



Component 



Protease' 


0.10 


0.20 


0.03 


0.05 


Protease^ 






0.2 


0.15 


Amylase'' 


0.002 


0.0005 


0.04 


0.005 


C ] 3 linear alkyl benzene sulfonate 


22.00 


22.00 


22.00 


22 00 


Phosphate (as sodium 


23.00 


23.00 


23.00 


23.00 


tripolyphosphates) 










Sodium carbonate 


23.00 


23.00 


23.00 


23.00 


Sodium silicate 


14.00 


14.00 


14.00 


14.00 


Zeolite 


8.20 


8.20 


8.20 


8.20 


Chelant (diethylaenetriamine- 


0.40 


0.40 


0.40 


0.40 


pentaacetic acid) 










Sodium sulfate 


5.50 


5.50 


5.50 


5.50 


Water 




balance to 100% 





^ Protease other than the Protease' including but not limited to the additional proteases 
useful in the present invention described herein. 

In Examples 15 C and D, any combination of the protease enzymes useful in the 
present invention recited herein, among others, are substituted for Protease' and Protease^, 
with substantially similar results. 

Example 16 
Granular Fabric Cleaning Composition 

Example No. 

Component A E Q D 



Protease' 
Protease^ 
Amylase' 

C}2 alkyl benzene sulfonate 



0.10 

0.005 
12.00 



0.20 

0.0005 
12.00 



0.03 

0.2 

0.04 
12.00 



0.05 
0.1 

0.002 
12.00 
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2-butyl octanoic acid 

C]2-Ci4 secondary (2,3) alkyl sulfate, 

Na salt 
Sodium citrate 
Optical brightener 
Sodium sulfate 

Fillers, water, minors 



4.00 
5.00 



4.00 
5.00 



4.00 
5.00 



5.00 5.00 
0.10 0.10 
17.00 17.00 



balance to 100% 



4.00 
5.00 



5.00 5.00 
0.10 0.10 
17.00 17.00 



^ Protease other than the Protease^ including but not limited to the additional proteases 
useful in the present invention described herein. 

In Examples 16 C and D, any combination of the protease enzymes useful in the 
present invention recited herein, among others, are substituted for Protease' and Protease^, 
with substantially similar results. 



Example 17 
Granular Fabric Cleaning Compositions 



Cpmponents 


Example No. 






A 


E 


Linear alkyl benzene sulphonate 


11.4 


10.70 


Tallow alkyl sulphate 


1.80 


2.40 


C ] 4. 1 5 alkyl sulphate 


3.00 


3.10 


Ci4.]5 alcohol 7 times ethoxylated 


4.00 


4.00 


Tallow alcohol 1 1 times ethoxylated 


1.80 


1.80 


Dispersant 


0.07 


0.1 


Silicone fluid 


0.80 


0.80 


Trisodium citrate 


14.00 


15.00 


Citric acid 


3.00 


2.50 


Zeolite 


32.50 


32.10 


Maleic acid acrylic acid copolymer 


5.00 


5.00 


Diethylene triamine penta methylene 


1.00 


0.20 



phosphonic acid 
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Protease^ 


0 1 

V/. 1 


ft fti 


T 1 HA 




U.40 


Amvlase^ 


ft 


U.jU 


Sodium silicate 


2.00 


2.50 


Sodium sulphate 


3.50 


5.20 


Polyvinyl pyrrolidone 


0.30 


0.50 


Perborate 


0.5 


1 


Phenol sulphonate 


0.1 


0.2 


Peroxidase 


0.1 


0.1 



Minors Up to 1 00 Up to 1 00 



Example 1 8 
Granular Fabric Cleaning Compositions 

Example Nn 



Components 


A 


B 


Sodium linear C]2 alkyl benzene-sulfonate 


6.5 


8.0 


Sodium sulfate 


15.0 


18.0 


Zeolite A 


26.0 


22.0 


Sodium nitriiotriacetate 


5.0 


5.0 


Polyvinyl pyrrolidone 


0.5 


0.7 


Tetraacetylethylene diamine 


3.0 


3.0 


Boric acid 


4.0 




Perborate 


0.5 


1 


Phenol sulphonate 


0.1 


0.2 


Protease' 


0.02 


0.05 


Amylase' 


0.005 


0.002 


Fillers (e.g., silicates; carbonates; perfumes; water) 


Up to 100 


Up to 100 
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Compact Granular Fabric Cleaning Composition 



Compongnts height % 

Alkyl Sulphate 8 0 

Alkyl Ethoxy Sulphate 2.0 

Mixture of C25 and C45 alcohol 3 and 7 times ethoxylated 6.0 

Polyhydroxy fatty acid amide 2.5 

Zeolite 17.0 

Layered silicate/citrate 1 6.0 

Carbonate 7.0 

Maleic acid acrylic acid copolymer 5.0 

Soil release polymer 0.4 

Carboxymethyl cellulose 0.4 

Poly (4-vinylpyridine) -N-oxide 0. 1 

Copolymer of vinylimidazole and vinylpyrrolidone 0. 1 

PEG2000 0.2 

Protease* 0.03 

Lipase 0.2 

Cellulase 0.2 

Amylase^ 0.005 

Tetracetylethylene diamine 6.0 

Percarbonate 22.0 

Ethylene diamine disuccinic acid 0.3 

Suds suppressor 3.5 

Disodium-4,4*-bis (2-morpholino -4-anilino-s-triazin-6- 0.25 

ylamino) stilbene-2,2*-disulphonate 

Disodium-4,4'-bis (2-sulfostyril) biphenyl 0.05 

Water, Perfume and Minors Up to 100 
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Example 20 
Granular Fabric Cleanin g Composition 



Component Weight % 

Linear alkyl benzene sulphonate 7.6 
C 1 g-C 1 g alkyl sulfate 1 .3 

C J 4. 1 5 alcohol 7 times ethoxylated 4 0 
Coco-alkyl-dimethyl hydroxyethyl ammonium chloride 1 .4 

Dispersant 0.07 

Silicone fluid 0.8 
Trisodium citrate 5.0 

Zeolite 4 A 15.0 
Maleic acid acrylic acid copolymer 4.0 
Diethylene triamine penta methylene phosphonic acid 0.4 

Perborate 15.0 
Tetraacetylethylene diamine 5.0 

Smectite clay 10.0 
Poly (oxy ethylene) (MW 300,000) 0.3 
Protease^ 0.02 
Lipase 0.2 
Amylase^ 0.3 
Cellulase 0.2 
Sodium silicate 3.0 

Sodium carbonate 10.0 
Carboxymethyl cellulose 0.2 
Brighteners 0.2 
Water, perfume and minors Up to 100 
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Example 21 
Granular Fabric Cleanipg rnmposition 



(Component 


Weieht % 


Linear alkyl benzene sulfonate 


6,92 


Tallow alkyl sulfate 


1 OS 


* c alr*r»Hnl 7 timpQ pthoxvlated 


4 4 


P 1 o 1 c alk vl ethoxv sulfate - 3 times ethoxvlated 


0.16 


Zeolite 


20.2 


Citrate 




Carbonate 


15 4 


Silicate 


3,0 


Maleic acid acrylic acid copolymer 


4 n 


Carboxymethyl cellulase 


n 1 1 


Soil release polymer 




Protease* 


n 1 


Lipase 


u.jo 


Cellulase 


n 1 

U. 1 J 


Amylase-^ 




Perborate tetrahydrate 


1 1.64 


Perborate monohydrate 


8.7 


Tetraacetylethylene diamine 


5.0 


Diethylene tramine penta methyl phosphonic acid 


0.38 


Magnesium sulfate 


0.40 


Brightener 


0.19 


Perfume, silicone, suds suppressors 


0.85 


Minors 


Up to 100 
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Example 22 
Granular Fabric Cleaning Composition 



Cpimppnent 


A 




£ 


Base Granule Components 








LAS/AS/ AES (65/35) 


9.95 






¥ AO/AO/A T^O /^f \ I'i tW 

LAS/AS/AES (70/30) 




12. Ud 


/ . /U 


Alumino silicate 


14.06 


15.74 


17.10 


Sodium carbonate 


1 1.86 


12.74 


13.07 


Sodium silicate 


0.58 


0.58 


0.58 


NaPAA Solids 


2.26 


2.26 


1.47 


PEG Solids 


1.01 


1.12 


0.66 


Brighteners 


0.17 


0.17 


0.1 1 


DTPA 




*■ 


0.70 


Sulfate 


5.46 


6.64 


4.25 


DC- 1400 Deaerant 


0.02 


0.02 


0.02 


Moisture 


3.73 


3.98 


4.33 


Minors 


0.31 


0.49 


0.31 


B.O.T. Spray-on 








Nonionic surfactant 


0.50 


0.50 


0.50 


Agglomerate Components 








LAS/AS (25/75) 


1 1.70 


9.60 


10.47 


Alumino silicate 


13.73 


11.26 


12.28 


Carbonate 


8.1 1 


6.66 


1 .Lb 


PEG 4000 


0.59 


0.48 


0.52 


Moisture/Minors 


4.88 


A f\t\ 

4.00 


4.36 


Functional Additives 








Sodium carbonate 


7.37 


6.98 


7.45 


Perborate 


1 .03 




z.Do 


AC Base Coating 




1 {\(\ 












Soil release polymer 


0.41 


0.41 


0.31 


Cellulase 


0.33 


0.33 


0.24 


Protease' 


0.1 


0.05 


0.15 


Amylase^ 


0.002 


0.005 


0.04 


AE-Flake 


0.40 


0.40 


0.29 


Liquid Spray-on 








Perfume 


0.42 


0.42 


0.42 
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Noionic spray-on 
Minors 



1.00 



1.00 
Up to 100 



0.50 



Example 23 
Granular Fabric Clea ning Composition 





A-' 












0.4U 




- r-.JVL^/V'J ■■. 




9.90 




6 40 


4 "^9 




0 OR 


0 1 1 

V/ . 1 1 


- C24AE5 


i.4o 




-Genagen 




1.88 




1 14 












1 on 


1.40 


ayCtroxyepxyi r : 






mtmtmnm cbJoride 






Builder 








20.59 


13.39 




10.84 


10.78 


^ - -feitm' A 


2.00 






9.60 


12.07 




2.00 


2.00 




2.64 






0.61 


0.16 




1.17 


1.12 




0.45 


0.24 
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0.34 


0.18 




1.00 


1.00 








cthoxyiate* 












-Protease* ; 


0.03 


0.03 


{% pure enzyme) 






- Cellutase 


0.26 


0.26 


• Amylase' 


0.65 


0.73 


-Lipase 


0.27 


0.15 


Bleach 






^TAED(10{>%) 


3.85 


3.50 


- Phenolsiilfonatc 


_ 


2.75 


filter of N-^n6nanoyl-6* 






aminocaprdic acid 


16.20 


18.30 




0.48 


0.48 




0.30 


0.30 


MisceJiaaeous ; 






^ Malic 




2.20 + bicarb 




0.077/0.014 


0.07/0.014 




0.0026 


0.0026 




0.25 


0.24 






1.00 




0.45 


0.55 




100 


100 
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Example 94 
Granular Fabric Clean ing romposition 





A 


B 




% 


% 


Surfactant 






NaLAS 


6.8 


0.4 


KLAS 




10.9 


FAS 


0.9 


0.1 


AS 


0.6 


1.5 


C25AE3S 


0.1 


. 


AE5 


4.2 




N-Cocoyl-N-Methyl Glucamine 




1.8 


Genagen 




1.2 


^8-10 dimethyl hydroxyethyl 




1.0 


ammonium chloride 






Builder 






SKS-6 


3.3 


9.0 


Zeolite 


17.2 


18.9 


Citric Acid 


1.5 V 


_ 


Buffer 






Carbonate 


21.1 


15.0 


Sodium Bicarbonate 


- 


2.6 


Sulphate 


15.2 


5.5 


Malic Acid 


- 


2.9 


Silicate 


0.1 


- 


Polymer 






Acrylic acid/maleic acid copolymer 


2.2 


0.9 


(Na) 






Hexamethylene-diamine tetra-E24 


0.5 


0.7 


ethoxylate, diquatemized with 






methyl chloride 






Polymer 


0.1 


0.1 


CMC 


0.2 


0.1 


Enzymes 






Protease' (% pure enzyme) 


0.02 


0.05 


Lipase 


0.18 


0.14 
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Amylase^ 


0.64 


0.73 


Cellulase 


0.13 


0.26 


Bleach 






TAED 


2.2 


2.5 


Phenolsulfonate ester of N-nonanoyl- 




1.96 


^-aminncanroic acid 






Sodium Percarbonate 




13.1 


PB4 


15.6 




EDDS 


0.17 


0.21 


MgS04 


0.35 


0.47 


HEDP 


0.15 


0.34 


Miscellaneous 






Brightener 


0.06 


0.04 


- 7inc nhthalocvanine sulfrina^te 


0.0015 


0.0020 


- Polydimethylsiloxane with 


0.04 


0.14 


trimethyisilyl aid blocking units 






Soap 


0.5 


0^ 


Perfume 


0.35 


0.45 


Speckle 


0.5 


0.6 



Examples 25 

Granular laundry detergent compositions 25 A-C are of particular utility under 
European machine wash conditions and are prepared in accordance with the invention: 



Component 


A 


B 


C 


LAS 


7.0 


5.61 


4.76 


TAS 






1.57 


C45AS 


6.0 


2.24 


3.89 


C25E3S 


1.0 


0.76 


1.18 


C45E7 






2.0 


C25E3 


4.0 


5.5 





SUBSTITUTE SHEET (RULE 26) 
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QAS 


0.8 


2.0 


2.0 


STPP 




- 


- 


Zeolite A 


25.0 


19.5 


19.5 


Citric acid 


2.0 


2.0 


2.0 


NaSKS-6 


8.0 


10.6 


10.6 


Carbonate I 


8.0 


10.0 


8.6 


MA/AA 


1.0 


2.6 


1.6 


CMC 


0.5 


0.4 


0.4 


PB4 


- 


12.7 


- 


Percarbonate 


- 


- 


19.7 


TAED 




3.1 


5.0 


Citrate 


7.0 


- 


- 


DTPMP 


0.25 


0.2 


0.2 


HEDP 


0.3 


0.3 


0.3 


QEA 1 


0.9 


1.2 


1.0 


Protease' 


0.02 


0.05 


0.035 


Lipase 


0.15 


0.25 


0.15 


Cellulase 


0.28 


0.28 


0.28 


Amylase 


0.4 


0.7 


0.3 


PVPI/ PVNO 


0.4 




0.1 


nntoacdvated Ueadi (ppm) 


15 ppm 


27 ppm 


27 ppm 



SUBSTITUTE SHEET (RULE 26) 
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Brightener 1 


0.08 


0.19 


0.19 


Brightener 2 




0.04 


0.04 


Perfuim 


0.3 


0.3 


0.3 


Effervescent ^ninules 
(malic acid 40%, sodium 
bicarbonate 40%, sodium 
carbonate 20%) 


15 


15 


5 


Silicone antifoam 


0.5 


2.4 


2.4 


Minors/ineits to 100% 









Example 26 

The following formulations are examples of compositions in accordance with the 
invention, which may be in the form of granules or in the form of a tablet. 



Component 


26 


Base Product 




C45 AS/TAS 


3.0 


LAS 


8.0 


C25AE3S 


1.0 


NaSKS-6 


9.0 


C25AE5/AE3 


5.0 


Zeolite A 


10.0 


SKS-6 (I) (dry add) 


2.0 


MA/AA 


2.0 


Citric acid 


1.5 


EDDS 


0.5 


HEDP 


0.2 


PBl 


10.0 


NACA OBS 


2.0 


TAED 


2.0 


Carbonate 


8.0 


Sulphate 


2.0 


Amylase^ 


0.3 


Lipase 


0.2 


Protease' 


0.02 


Minors (Brightener/SRPl/ 
CMC/Pbotobleach/ MgS04/ 
PVPWSuds suppressor/ 


0.5 
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Perfume 



0.5 



Example 21 

The following granular laundry detergent compositions 27 A-E are of particular 
utility under Japanese machine wash conditions and are prepared in accord with the 
invention: 



Component 


A 


B 


c 


D 


XL/ 


LAS 


23.57 


23.57 


21.67 


21.68 


21.68 


FAS 


4.16 


4.16 


3.83 


3.83 


3.83 


Nonionic surfactant 


3.30 


3.30 


2.94 


3.27 


3.27 


Bis (hydroxyethyl) methyl alkyl 
ammonium chloride 


0.47 


0.47 


1.20 


1.20 


1.20 


SKS-6 


7.50 


7.50 


5.17 


5.76 


5.06 


Polyacrylate copolymer (MW 
1 1 000) (maleic/acrylate ratio of 
4:6) 


7.03 


7.03 


14.36 


14.36 


14.36 


Zeolite 


11.90 


11.40 


10.69 


11.34 


11.34 


Carbonate 


14.90 


14.82 


11.71 


11.18 


11.18 


Silicate 


12.00 


12.00 


12.37 


12.38 


12.38 


Protease' 


0.016 


0.016 


0.046 


0.046 


0.046 


Lipase 






0.28 






Amylase^ 






0.62 






Cellulase 






0.48 




0.70 


NOBS 


3.75 


3.75 


2.70 


2.70 


2.70 


FBI 


3.53 




2.60 
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4 9 1 




J. 1 O 


3.10 


lJXVT 






U. /U 


ft 7ft 
U. /U 


ft 7ft 
U. /U 




n 7 1 

UO 1 


U.J i 


ft 9C 


A O O 


n ^ft 


/\JD-COIJaKC 


U.l / 


n Oft 


U.l / 


AIT 

U.l 7 


A 1 7 
U. i / 


i^o ly a iin cifijp'^ 1 SI 1 oxanc 






U.OO 


A £ O 
U.OO 


A £.0 
U.OO 


r^criUITic 


u.uo 


ft ftA 


A AO 

U.Uo 






Perfume 








U.23 


0.23 








ft '^ft 


ft 1ft 


ft 'ift 


PEG4000 


0.19 


0.19 


0.17 


0.17 


0.17 


Minors/inerts to 100% 













Liquiij Fabrip Ciganing Corppositions 



Liquid fabric cleaning compositions of the present invention preferably comprise 
an effective amount of one or more protease enzymes, preferably from about 0.0001% to 
about 10%, more preferably from about 0.001% to about 1%, and most preferably from 
about 0.001% to about 0,1% by weight of active protease enzyme of the composition. (See 
U.S. Patent No. 5,679,630 Examples). 



Example 28 



Component 


A 


B 


Example No. 

C D 


E 


Protease' 


0.05 


0.03 


0.30 


0.03 


0.10 


Protease^ 








0.1 


0.20 


Amylase^ 












Ci2- C j4 alkyl sulfate, Na 


20.00 


20.00 


20.00 


20.00 


20.00 


2-Butyl octanoic acid 


5.00 


5.00 


5.00 


5.00 


5.00 


Sodium citrate 


1.00 


1.00 


1.00 


1.00 


1.00 


C\Q alcohol ethoxylate (3) 


13.00 


13.00 


13.00 


13.00 


13.00 


Monethanolamine 


2.50 


2.50 


2.50 


2.50 


2.50 


Water/propylene glycol/ethanol n 00: 1 : n 






balance to 100% 
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2 Protease other than the Protease* including but not limited to the additional proteases 
useful in the present invention described herein. 

In Examples 28 D and E, any combination of the protease enzymes useful in the 
present invention recited herein, among others, are substituted for Protease* and Protease^ 
with substantially similar results. 



Perborate 
Phenol sulphonate 
Peroxidase 



8.0 



E?^amples ?S 
1 \qu\d Fab ric Cleaning Compositions 

E^L^mplg NOr 

Component ^ ^ 

Ci2-14 alkenyl succinic acid 3.0 8.0 

Citric acid monohydrate ^ ^-^ ^ 

Sodium Ci2-15 alkyl sulphate 8.0 8.0 

Sodium sulfate of C j 2- 1 5 alcohol 2 times ethoxy lated - 3 .0 

C 1 2- 1 5 alcohol 7 times ethoxy lated 

C 12-1 5 alcohol 5 times ethoxylated 8.0 
Diethylene triamine penta (methylene phosphonic acid) 0.2 
Oleic acid 
Ethanol 
Propanediol 

, 1 0.01 0.02 

Protease' 

Amylase^ 

Polyvinyl pyrrolidone 
Suds suppressor 

NaOH up to pH 7.5 



4.0 4.0 
2.0 2.0 



0.005 0.002 
1.0 2.0 
0.15 0.15 



0.5 1 
0.1 0.2 
0.4 0.1 



Waters and minors up to 100% 
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J.iquid Fabric Cleaninp Compositions 

ET^amplg Nq 



Comppnent 


IS. 


NaLAS (100%am) 


lO 


Neodol 


0 1 < 


Citrate 


o.o 


EDDS 


1 ^ 

1 .2 


Dispersant 


1.3 


Perborate 


12 


Phenolsulfonate ester of N-nonanoyl-6-aminocaproic acid 


6 


Protease^ (% pure enzyme) 


0.03 


Amylase^ 


0.40 


Carezyme 


0.03 


Solvent (BPP) 


18.5 


Polymer 


0,1 


Carbonate 


10 


FWA 15 


0.2 


TiOj 


0.5 


PEG 8000 


0.4 


Perfume 


1.0-1.2 


Suds suppressor 


0.06 


Waters and minors 


up to 100% 



Component 
Dl HjO 
MEA 
NaOH 
Pdiol 

Citric acid 



Examples 3 1 
T.iquid Fabric Cleaning Compositions 



Example No. 



38.63 

0.48 

4.40 

4.00 

2.50 



9.0 
1.0 
10.0 
2.0 
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DTPA 

FWA Premix (Br 15/MEA/Nl 23-9) 
NaC25AE1.80S 
AE3S (H) 
C11.8HLAS 
Neodol 
EtOH 

Ca*Formate 

Borax premix (Borax/MEA/PdioI/CitricAcid) 
CIO APA 
TEPA 105 
FAC12-18 
Neptune LC 
Dye 

Cellulase 
Amylase' 
Protease' 
DC 2-3597 
Rapeseed FA 
Waters and minors 

Example 32 

Liquid Fabric Cleaning Compo5;it|>p 



Component 

NaOH 5.50 

Pdiol 690 

Citric acid 150 

DTPA 1.50 

FWA Premix (Br 1 5/MEA/NI 23-9) o. 1 5 

AE3S (H) 2.50 

LAS(H) 13.0 

Neodol 2.00 

EtOH 3.50 

Ca*Fonnate 0.10 

Boric acid 1 oo 

Clay 4.00 



PCT/US98/22486 



0.50 1.0 

0.15 0.15 
23.50 

4.0 

3.00 14.0 

2.00 6.0 

0.50 2.0 

0.10 0.1 
2.50 
1.50 
1.20 
5.00 
0.50 

0.0040 0.0015 

0.053 0.2 

0.15 0.2 

0.1 0.1 

0.12 0.2 

6.50 4.0 
up to 100 % 



<SDOCID: <WO_99S0723A2_IA> 



wo 99/20723 



PCT/US98/22486 



133 

Amylase' ^ 
Protease' ^ 
Fatty Acid ,g 5^ 

Waters and minors up to 100% 



Example ^4 
Liquid Fabric Clc^nij]^ Cnmpn^itj^n 
The following liquid fabric cleaning composition of particular utility under 
Japanese machine wash conditions is prepared in accordance with the invention: 



Component 


34 


AE2.5S 


15.00 


AS 


5.50 


N-Cocoyl N-methyl glucamine 


5.00 


Nonionic surfactant 


4.50 


Citric acid 


3.00 


j^diiy aciu 


5.00 


Base 


0 07 


Monoethanolamine 


5.10 


1,2-Propanediol 


7.44 


EtOH 


5.50 


HXS 


1.90 


Boric acid 


3.50 


Ethoxylated tetraethylene- 
pentaimine 


3.00 


SRP 


0.30 
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Protease* 


0.069 


Amylase^ 


0.06 


Cellulase 


0.08 


Lipase 


0.18 


Brightener 


0.10 


Minors/inerts to 100% 





Example 15 
Liquid Fabric Cleaning roTppo<:itinp 
The following liquid fabric cleaning composition of particular utility under 
Japanese machine wash conditions and for fine fabrics is prepared in accordance with the 



invention: 



Component 


35 


AE2.5S 


2.16 


AS 


3.30 


N-Cocoyl N-methyl glucamine 


1. 10 


Nonionic surfactant 


10.00 


Citric acid 


0.40 


Fatty acid 


0.70 


Base 


0.85 


Monoethanolam ine 


1.01 


1,2-Propanediol 


1.92 


EtOH 


0.24 


HXS 


2.09 
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Protease' 


0.01 


Amylase^ 


0.06 


Minors/inerts to 1 00% 




Par Fabric Cleaning Comnositinpf^ 



Bar fabric cleaning compositions of the present invention suitable for handwashing 
soiled fabrics typically contain an effective amount of one or more protease enzymes, 
preferably from about 0.001% to about 10%, more preferably from about 0.01% to about 
1% by weight active protease enzyme of the composition. (See U.S. Patent No. 5,679,630 
Examples). 



Example 36 
Bar Fabric Cleaning Compofiitinng 

Example No. 



Protease' 


A 
0.3 


B 


C 
0.1 


D 

0.02 


Protease^ 






0.4 


0.1 


Amylase^ 


0.01 


0.02 


0.002 


0.005 


^12-^16 a'M sulfate, Na 


20.0 


20.0 


20.0 


20.00 


^12-^14 N-methyl glucamide 


5.0 


5.0 


5.0 


5.00 


Ci ]-Ci3 alkyi benzene sulfonate, Na 


10.0 


10.0 


10.0 


10.00 


Sodium carbonate 


25.0 


25.0 


25.0 


25.00 


Sodium tripolyphosphate 


7.0 


7.0 


7.0 


7.00 


Zeolite A (O.l-.lOfx) 


5.0 


5.0 


5.0 


5.00 


Carboxymethylcel lulose 


0.2 


0.2 


0.2 


0.20 


Polyacrylate (MW 1400) 


0.2 


0.2 


0.2 


0.20 


Coconut monethanolamide 


5.0 


5.0 


5.0 


5.00 


Brightener, perfume 


0.2 


0.2 


0.2 


0.20 


CaS04 


1.0 


1.0 


1.0 


1.00 


MgS04 


1.0 


1.0 


1.0 


1.00 


Water 


4.0 


4.0 


4.0 


4.00 


Filler* 




balance tn 1 HOO/i. 




♦Can be selected from convenient materials such as CaCOj, talc, clay, silicates, and the 



like. 

2 



Protease other than the Protease' including but not limited to the additional proteases 
useful in the present invention described herein. 
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In Examples 36 C and D any combination of the protease enzymes useful in the 
present invention recited herein, among others, are substituted for Protease^ and Protease^ 
with substantially similar results. , 

While particular embodiments of the subject invention have been described, it will 
be obvious to those skilled in the art that various changes and modifications of the subject 
invention can be made without departing from the spirit and scope of the invention. It is 
intended to cover, in the appended claims, all such modifications that are within the scope 
of the invention. 

The compositions of the present invention can be suitably prepared by any process 
chosen by the formulator, non-limiting examples of which are described in U.S. 5,691,297 
Nassano et al., issued November 1 1, 1997; U.S. 5,574,005 Welch et al., issued November 
12, 1996; U.S. 5,569,645 Dinniwell et al., issued October 29, 1996; U.S. 5,565,422 Del 
Greco et al., issued October 15, 1996; U.S. 5,516,448 Capeci et al., issued May 14, 1996; 
U.S. 5,489,392 Capeci et al., issued February 6, 1996; U.S. 5,486,303 Capeci et al., issued 
January 23, 1996 all of which are incorporated herein by reference. 

In addition to the above examples, the cleaning compositions of the present 
invention can be formulated into any suitable laundry detergent composition, non-limiting 
examples of which are described in U.S. 5,679,630 Baeck et al., issued October 21, 1997; 
U.S. 5,565,145 Watson et al., issued October 15, 1996; U.S. 5,478,489 Fredj et al., issued 
December 26, 1995; U.S. 5,470,507 Fredj et al., issued November 28, 1995; U.S. 5,466,802 
Panandiker et al., issued November 14, 1995; U.S. 5,460,752 Fredj et al., issued October 
24, 1995; U.S. 5,458,810 Fredj et al., issued October 17, 1995; U.S. 5,458,809 Fredj et al., 
issued October 17, 1995; U.S. 5,288,431 Huber et al., issued February 22, 1994 all of which 
are incorporated herein by reference. 

Having described the invention in detail with reference to preferred embodiments and 
the examples, it will be clear to those skilled in the art that various changes and 
modifications may be made without departing from the scope of the invention and the 
invention is not to be considered limited to what is described in the specification. 
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WHAT IS CLAIMED IS: 



1 . A fabric and/or dishwashing and/or hard surface cleaning composition comprising: 

(a) an effective amount of a protease variant wherein said protease variant includes 
a substitution of an amino acid residue with another naturally occurring amino acid residue 
at an amino acid residue position corresponding to position 103 of Bacillus 
amyloliquefaciens subtilisin in combination with a substitution of an amino acid residue 
with another naturally occurring amino acid residue at one or more amino acid residue 
positions corresponding to positions 1, 3, 4, 8, 9, 10, 12, 13, 16, 17, 18, 19, 20, 21, 22, 24, 
27, 33, 37, 38, 42, 43, 48, 55, 57, 58, 61, 62, 68, 72, 75, 76, 77, 78, 79, 86, 87, 89, 97, 98, 
99, 101, 102, 104, 106, 107, 109, 1 1 1, 1 14, 116, 1 17, 1 19, 121, 123, 126, 128, 130, 131, 
133, 134, 137, 140, 141, 142, 146, 147, 158, 159, 160, 166, 167, 170, 173, 174, 177, 181, 
182, 183, 184, 185, 188, 192, 194, 198, 203,204,205, 206,209,210,211,212,213,214, 
215, 216, 217, 218, 222, 224, 227, 228, 230, 232, 236, 237, 238, 240, 242, 243, 244, 245, 
246, 247, 248, 249, 251, 252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263^ 265^ 
268, 269, 270, 271, 272, 274 and 275 of Bacillus amyloliquefaciens subtilisin; wherein 
when said protease variant includes a substitution of amino acid residues at positions 
corresponding to positions 103 and 76, there is also a substitution of an amino acid residue 
at one or more amino acid residue positions other than amino acid residue positions 
corresponding to positions 27, 99, 101, 104, 107, 109, 123, 128, 166, 204, 206,210,216, 
217, 218, 222, 260, 265 or 274 of Bacillus amyloliquefaciens subtilisin; 

(b) an amylase variant wherein said amylase variant is selected from the group 
consisting of: 

(i) a-amylase characterized by having a specific activity at least 25% 
higher than the specific activity of Termamyl® at a temperature range of 25°C to 55°C and 
at a pH value in the range of 8 to 10, measured by Phadebas® a-amylase activity assay 
and/or; 

(ii) a-amylase according to (i) comprising the amino acid sequence shown 
in SEQ ID No. 1 or an a-amylase being at least 80% homologous with the amino acid 
sequence shown in SEQ ID No. 1 and/or; 

(iii) a-amylase according to (i) comprising the amino acid sequence shown 
in SEQ ID No. 2 or an a-amylase being at least 80% homologous with the amino acid 
sequence shown in SEQ ID No. 2 and/or; 

(iv) a-amylase according to (i) comprising the following amino acid 
sequence N-terminal: His-His-Asn-Gly-Thr-Asn-Gly-Thr-Met-Met-Gln-Tyr-Phe-Glu-Trp- 
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Tyr-Leu-Pro-Asn-Asp (SEQ L o. 3) or an a-amylase being at least 80% homologous 
with the amino acid sequence sr.own (SEQ ID No. 3) in the N-terminal and/or; 

(v) a-amylase according to (i-iv) wherein the a-amylase is obtainable 
from an alkalophilic Bacillus species and/or; 

(vi) a-amylase according to (v) wherein the amylase is obtainable from any 
of the strains NCIB 12289, NCIB 12512, NCIB 12513 and DSM 935 and/or; 

(vii) a-amylase showing positive immunological cross-reactivity with 
antibodies raised against an a-amylase having an amino acid sequence corresponding 
respectively to SEQ ID No. 1, ID No. 2, or ID No. 3 and/or; 

(viii) variant of a parent a-amylase, wherein the parent a-amylase (1 ) has 
one of the amino acid sequences shown in SEQ ID No. 1, ID No. 2, or ID No. 4, 
respectively, or (2) displays at least 80% homology with one or more of said amino acid 
sequences, and/or displays immunological cross-reactivity with an antibody raised against 
an a-amylase having one of said amino acid sequences, and/or is encoded by a DNA 
sequence which hybridizes with the same probe as a DNA sequence encoding an a- 
amylase having one of said amino acid sequences, in which variants: (A) at least one 
amino acid residue of said parent a-amylase has been deleted; and/or (B) at least one 
amino acid residue of said parent a-amylase has been replaced by a different amino acid 
residue; and/or (C) at least one amino acid residue has been inserted relative to said parent 
a-amylase; said variant having an a-amylase activity and exhibiting at least one of the 
following properties relative to said parent a-amylase: increased thermostability; 
increased stability towards oxidation; reduced Ca ion dependency; increased stability 
and/or a-amylolytic activity at neutral to relatively high pH values; increased a-amylolytic 
activity at relatively high temperature; and increase or decrease of the isoelectric point (pl) 
so as to better match the pi value for a-amylase variant to the pH of the medium; and 

(c) one or more cleaning adjunct materials. 

2. The cleaning composition according to Claim 1 wherein said protease variant is 
derived from a Bacillus subtilisin, preferably Bacillus lentus subtilisin or subtilisin 309. 

3. The cleaning composition according to Claim 1 wherein said protease variant 
includes substitutions of the amino acid residues at position 103 and at one or more of the 
following positions 236 and 245, preferably at positions 103 and 236 and at one or more of 
the following positions 12. 61. 62, 68, 76, 97. 98, 101, 102, 104, 109, 130, 131, 159, 183 
185, 205. 209. 210. 21 1. 212. 213. 215, 217, 230, 232, 248. 252, 257, 260, 27o'and ^75 or 
at positions 103 and 245 and at one or more of the following positions 12, 61, 62, 68, 76, 
97,98, 101. 102. 104. 109. 130, 131. 159, 170, 183, 185, 205, 209. 210, 211, 212, 213, 215, 
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217, 222, 230, 232, 248, 252, 257, 260, 261, 270 and 275, more preferably at positions 103, 
236 and 245 and at one or more of the following positions 12, 61, 62, 68, 76, 97, 98 101 
102, 104, 109, 130, 131, 159, 183, 185, 205, 209, 210, 21 1, 212, 213, 215, 217, ^30,' 232' 
248, 252, 257, 260, 270 and 275. 

4. The cleaning composition according to Claim 1 wherein said protease variant 
includes a substitution set selected from the group consisting of: 

12/102/103/104/159/212/232/236/245/248/252; 12/76/103/104/130/170/185/222/243/245- 
12/76/103/104/130/222/245/261; 12/76/103/104/222/245; 
12/76/103/104/130/222/245; 

61/68/103/104/159/232/236/245/248/252; 62/103/104/159/213/232/236/245/248/252- 
62/1 03/1 04/1 09/1 59/21 3/232/236/245/248/252; 62/1 03/1 04/1 59/232/236/245/248/252; 
62/101/103/104/159/212/213/232/236/245/248/252; 
62/1 03/1 04/1 30/1 59/21 3/232/236/245/248/252; 
68/103/104/159/232/236/245/248/252/270; 

68/1 03/1 04/1 59/1 85/232/236/245/248/252; 68/1 03/1 04/1 59/2 1 0/232/236/245/248/252" 
68/103/104/159/185/210/232/236/245/248/252; 68/103/104/159/213/232/236/245/248/252- 
68/1 03/1 04/1 59/230/232/236/245; 68/76/1 03/1 04/1 59/209/232^36/245- 

68/1 03/1 04/232/236/245/248/257/275; 68/1 03/1 04/2 1 3/232/236/245/248/252- 

68/103/104/159/232^36/245/248/252; 68/103/104/159/209/232/236/245- 
68/76/1 03/104/1 59/236; 68/76/1 03/1 04/1 59/236/245; 

68/76/1 03/1 04/1 59/232/236/245; 68/1 03/104/1 59/232/236/24^/252- 

68/103/104/159/232/236/245; 68/103/104/159/232^36/245/257- 
68/76/103/104/159/211/232/236/245; 68/76/103/104/159/215/232/236/245- 
68/103/104/159/210/232/236/245; 68/103/104/159/213/232/236/245/260; 
68/76/103/104/159/213/232/236/245/260; 68/103/104/159/236; 
68/76/103/104/159/210/232/236/245/260; 68/103/104/159/236/245; 
68/1 03/1 04/1 59/1 83/232/236/245/248/252; 68/76/1 03/1 04/1 59/236/245; 
68/103/104/232/236/245/257/275; 68/103/104/159/213/232/236/245; 
76/103/222/245; 76/1 03/1 04/1 59/232/236/245; 

76/103/104/159/213/232/236/245/260; 76/103/104/159; 
76/103/104/13 1/159/232/236/245/248/252; 76/103/104/222/245; 
97/1 03/1 04/1 59/232/236/245/248/252; 

98/102/103/104/159/212/232/236/245/248/252; 98/103/104/159/232/236/245/248/252; 
101/103/104/159/232/236/245/248/252; 102/103/104/159/232/236/245/248/252- 
1 03/1 04/1 59/232/236/245; , 03/1 04/1 59/232/236/245/248/252; 

103/104/159/205/209/232/236/245/257 103/104/159/232/245/248/252; 
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1 03/1 04/1 59/205/209/2 1 0/232/236/245/257; 

1 03/1 04/1 59/2 1 7/232/236/245/248/252; 

103/104/159/230/236/245; 

103/104/159/248/252/270; 

1 03/1 04/1 59/205/209/232/236/245; and 



1 03/1 04/1 59/2 13/232/236/245/248/252; 
1 03/1 04/1 30/1 59/232/236/245/248/252; 
103/104/159/236/245; 
103/104/131/159/232/236/245/248/252; 
1 03/1 04/1 59/232/236/245/257. 



5. The cleaning composition according to Claim 4 wherein said protease variant 
includes a substitution set selected from the group consisting of: 

1 2R/76D/1 03A/1 04T/1 30T/222S/245R; 
1 2R/76D/1 03 A/1 041/222S/245R; 
1 2R/1 02A/1 03A/1 041/1 59D/2 1 2G/232V/236H/245R/248D/252K; 
1 2R/76D/ 1 03 A/1 04T/1 30G/222S/245R/26 1 D; 
1 2R/76D/1 03 A/] 04T/1 30G/1 70S/1 85D/222S/243D/245R; 
6 1 E/68A/1 03 A/ 1 041/ 1 59D/232V/236H/245R/248D/252K; 
62D/1 03A/1 041/1 09R/1 59D/2 1 3R/232V/236H/245R/248D/252K; 
62D/1 03 A/1 041/ 1 59D/2 13R/232V/236H/245R/248D/252K; 
62D/1 03A/1 041/1 59D/232V/236H/245R/248D/252K; 
62D/1 03A/1 041/1 3DG/1 59D/2 1 3R/232V/236H/245R/248D/252K; 
62D/101G/103A/104I/159D/212G/213R/232V/236H/245R/248D/252K; 
68A/76D/1 03 A/1 041/1 59D/2 1 3R/232 V/236H/245R/260A; 
68A/1 03A/1 041/1 59D/236H; 
68A/1 03 A/1 041/1 59D/236H/245R; 
68A/76D/103 A/1 041/1 59D/2 1 01/232 V/236H/245R/260A; 
68A/103A/104I/159D/183D/232V/236H/245R/248D/252K; 
68A/103A/104I/159D/209W/232V/236H/245R; 
68A/76D/1 03A/1 041/1 59D/2 1 1 R/232V/236H/245R; 
68A/76D/1 03 A/1 041/1 59D/2 1 5R/232V/236H/245R; 
68A/1 03 A/1 041/1 59D/2 1 3R/232V/236H/245R/260A; 
68A/76D/1 03 A/1 041/1 59D/236H; 
68A/76D/1 03 A/1 041/1 59D/236H/245R; 
68A/76D/1 03 A/1 041/1 59D/232V/236H/245R; 
68A/103A/1 041/1 59D/232V/236H/245R/252K; 

68A/1 03 A/ 1 041/1 59D/232V/23 6H/245R; 
68A/1 03 A/1 041/1 59D/232V/236H/245R/257V; 
68A/103A/104I/159D/185D/232V/236H/245R/248D/252K; 
68A/1 03A/104I/1 59D/2 1 0L/232V/236H/245R/248D/252K; 
68A/1 03 A/1 041/1 59D/1 85D/2 1 0L/232V/236H/245R/248D/252K; 
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68A/1 03A/104I/1 59D/21 3E/232V/236H/245R/248D/252K; 
68A/103A/104I/159D/230V/232V/236H/245R; 
68A/76D/1 03 A/1 041/1 59D/209W/232V/236H/245R; 
68A/] 03A/1 04I/232V/236H/245R/248D/257V/275H; 

68A/ 1 03 A/1 04I/232V/236H/245R/25 7V/275H; 
68A/1 03A/1 041/21 3E/232V/236H/245R/248D/252K; 
68A/1 03 A/1 041/1 59D/232 V/236H/245R/248D/252K; 
68 A/1 03 A/1 041/1 59D/2 1 01/232 V/236H/245R; 
68A/1 03A/1 041/1 59D/21 0L/232V/236H/245R; 
68A/1 03A/] 041/1 59D/2 13G/232V/236H/245R; 
68A/1 03A/1 041/1 59D/232V/236H/245R/248D/252K/270A; 
76D/103A/222S/245R; 
76D/1 03A/1 041/1 59D/232V/236H/245R; 
76D/103A/1 041/1 59D; 
76D/1 03A/1 04I/222S/245R; 
76D/1 03 A/1 041/1 3 1 V/1 59D/232V/236H/245R/248D/252K; 
76D/1 03 A/1 041/1 59D/2 1 3R/232 V/236H/245R/260A; 
97E/1 03A/1 041/1 59D/232V/236H/245R/248D/252K; 
98L/1 03 A/1 041/1 59D/232V/236H/245R/248D/252K; 
98L/] 02A/1 03 A/1 041/1 59D/2 1 2G/232V/236H/245R/248D/252K; 
1 OlG/1 03 A/1 041/1 59D/232V/236H/245R/248D/252K; 
1 02A/1 03A/1 041/1 59D/232V/236H/245R/248D/252K; 

103A/104I/159D/232V/236H/245R/248D/252K; 
1 03 A/1 041/1 59D/2 1 3R/232V/236H/245R/248D/252K; 
103A/104I/130G/159D/232V/236H/245R/248D/252K; 

1 03 A/1 041/1 59D/230V/236H/245R; 
1 03A/1 041/1 59D/2 1 7E/232V/236H/245R/248D/252K; 
1 03A/1 041/1 59D/236H/245R; 
1 03 A/1 041/1 59D/248D/252K/270V; 
1 03 A/1 041/1 59D/232V/236H/245R; 
1 03A/1 041/1 59D/205I/209W/232V/236H/245R; 
1 03A/1 041/1 59D/232V/236H/245R/257V; 
1 03 A/I 041/1 59D/205I/209W/232 V/236H/245R/257V; 
1 03A/1 041/13 1 V/1 59D/232V/236H/245R/248D/252K; 
1 03 A/1 041/1 59D/205I/209W/2 1 0I/232V/236H/245R/257V; and 
103A/104I/159D/232V/245R/248D/252K. 
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6. The cleaning composition according to Claim 1 wherein said cleaning adjunct 
materials are selected from the group consisting of surfactants, solvents, buffers, enzymes, 
soil release agents, clay soil removal agents, dispersing agents, brighteners, suds 
suppressors, fabric softeners, suds boosters, enzyme stabilizers, builders, other bleaching 
agents, dyes, perfumes, chelants and mixtures thereof. 

7. The cleaning composition according to Claim 6 wherein said cleaning adjunct 
materials comprise at least one detersive surfactant, preferably a branched surfactant, more 
preferably a mid-chained branched surfactant. 

8. The cleaning composition according to Claim 7 wherein the cleaning adjunct 
materials comprise at least about 0.1% surfactant by weight of the composition, said 
surfactant comprising materials selected from the group consisting of alkyl benzene 
sulfonates, primary alkyl sulfates, secondary alkyl sulfates, alkyl alkoxy sulfates, alky] 
alkoxy carboxylates, alkyl polyglycosides and their corresponding sulfated polyglycosides, 
alpha-suJfonated fatty acid esters, alkyl and alkyl phenol alkoxylates, betaines and 
sulfobetaines, amine oxides, N-methyl glucamides, nonionic primary alcohol ethoxylates, 
nonionic primary alcohol mixed ethoxy/propoxy, and mixtures thereof. 

9. The cleaning composition according to Claim 8 further comprising at least about 
5% builder selected from the group consisting of zeolites, polycarboxylates, layered 
silicates, phosphates, and mixtures thereof. 

1 0. The cleaning composition according to Claim 6 wherein said cleaning adjunct 
materials comprise at least one detersive enzyme selected from the group consisting of 
cellulases, lipases, other amylases, phospholipases, other proteases, peroxidases and 
mixtures thereof. 



11. The cleaning composition according to Claim 6 wherein said cleaning adjunct 
materials comprise at least one bleaching agent preferably selected from the group 
consisting of percarbonates, perborates and mixtures thereof, and optionally further 
comprising at least one bleach activator preferably selected from the group consisting of 
benzoyloxybenzenesulphonate (BOBS), nonanoyloxybenzenesulphonate (NOBS), 
decanoyloxybenzenesulphonate (Ciq-OBS), octanoyloxybenzenesulphonate (Cg-OBS), 

perhydrolyzable esters, 4-[N-(nonaoyI) amino hexanoyloxy]-benzene sulfonate sodium salt 
(NACA-OBS), lauryloxybenzenesulphonate (LOBS or C12-OBS), 10- 
undecenoyloxybenzenesulfonate (UDOBS or Cj i-OBS with unsaturation in the 1 0 
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position), and decanoyloxybenzoic acid (DOBA) and mixtures thereof, and further 
optionally comprising a bleach catalyst, preferably 3-(3,4-dihydroisoquinolinium) propane 
sulfonate. 



12. The cleaning composition according to Claim 1 wherein said cleaning composition 
is a fabric cleaning composition, preferably in the form of a liquid, granule, bar, tablet, gel, 
powder or foam, comprising at least about 5% surfactant and at least about 5% builder by 
weight of the composition. 

1 3 The cleaning composition according to Claim 1 wherein said cleaning composition 
is a fabric cleaning composition comprising: 

(a) from about 0.0001 % to about 1 0% by weight of said protease variant; 

(b) from about 0.0001 % to about 0. 1 % by weight of said amylase variant; 

(c) at least about 5% by weight of a surfactant preferably selected from the 
group consisting of alkyl benzene sulfonates, primary alkyi sulfates, secondary alkyl 
sulfates, alkyl alkoxy sulfates, alkyl alkoxy carboxylates. alkyl polyglycosides and their 
corresponding sulfated polyglycosides, alpha-sulfonated farry acid esters, alkyl and alkyl 
phenol alkoxylates, betaines and sulfobetaines, amine oxides, N-methyl glucamides, 
nonionic primary alcohol ethoxylates, nonionic primary alcohol mixed ethoxy/propoxy, and 
mixtures thereof; and wherein further the builder is selected from the group consisting of 
zeolites, polycarboxylates, layered silicates, phosphates, and mixtures thereof; and 

(d) at least about 5% by weight of a builder preferably selected from the group 
consisting of zeolites, polycarboxylates, layered silicates, phosphates, and mixtures thereof. 

14. The cleaning composition according to Claim 25 is in the form of a concentrated 
granular fabric cleaning composition comprising at least about 15% surfactant. 

15. A method for cleaning fabric, said method comprising contacting a fabric in need 
of cleaning with a cleaning composition according to Claims 12 or 13. 

1 6. The cleaning composition according to Claim 1 wherein said cleaning composition 
is a dishwashing composition, preferably in the form of a liquid, granule, powder, gel or 
tablet, comprising: 

(a) from about 0.0001% to about 10% by weight of said protease variant; 

(b) from about 0.000 1 % to about 0. 1 % by weight of the dishwashing 
composition of said amylase variant; and 

(c) from about 0. 1 % to about 1 0% by weight of a surfactant. 
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1 7. A method for cleaning dishes, said method comprising contacting a dish in need of 
cleaning with a cleaning composition according to Claim 16. 

18. A personal cleansing composition comprising: 

(a) an effective amount of a protease variant wherein said protease variant includes 
a substitution of an amino acid residue with another naturally occurring amino acid residue 
at an amino acid residue position corresponding to position 103 of Bacillus 
amyloliquefaciem subtilisin in combination with a substitution of an amino acid residue 
with another naturally occurring amino acid residue at one or more amino acid residue 
positions corresponding to positions 1, 3, 4, 8, 9, 10, 12, 13, 16, 17, 18, 19, 20, 21, 22, 24, 
27, 33, 37, 38, 42, 43, 48, 55, 57, 58, 61, 62, 68, 72, 75, 76, 77, 78, 79, 86, 87, 89, 97, 98 ' 
99, 101, 102, 104, 106, 107, 109, 111, 114, 116, 117, 119, 121, 123, 126, 128. 130, 131,' 
133, 134, 137, 140, 141, 142, 146, 147, 158, 159, 160, 166, 167, 170, 173, 174, 177, 181, 
182, 183,184, 185, 188, 192, 194, 198,203,204,205, 206, 209, 210, 21 1, 212,' 213! 214, 
215, 216, 217. 218, 222, 224, 227, 228, 230, 232, 236, 237, 238, 240, 242^ 243,' 244,' 245' 
246, 247, 248, 249. 251, 252, 253, 254, 255, 256, 257, 258, 259, 260, 261, 262, 263, 265,' 
268, 269, 270. 271, 272, 274 and 275 of Bacillus amyloliquefaciens subtilisin; wherein 
when said protease variant includes a substitution of amino acid residues at positions 
corresponding to positions 103 and 76, there is also a substitution of an amino acid residue 
at one or more amino acid residue positions other than amino acid residue positions 
corresponding to positions 27. 99, 101, 104, 107, 109. 123, 128. 166, 204. 206, 210, 216, 
217, 218, 222, 260, 265 or 274 of Bacillus amyloliquefaciens subtilisin; 

(b) an amylase variant wherein said amylase variant is selected from the group 
consisting of: 

(i) a-amylase characterized by having a specific activity at least 25% 
higher than the specific activity of Termamyl® at a temperature range of 25°C to 55°C and 
at a pH value in the range of 8 to 10, measured by Phadebas® a-amylase activity assay 
and/or; 

(ii) a-amylase according to (i) comprising the amino acid sequence shown 
in SEQ ID No. 1 or an a-amylase being at least 80% homologous with the amino acid 
sequence shown in SEQ ID No. 1 and/or; 

(iii) a-amylase according to (i) comprising the amino acid sequence shown 
in SEQ ID No. 2 or an a-amylase being at least 80% homologous with the amino acid 
sequence shown in SEQ ID No. 2 and/or; 

(iv) a-amylase according to (i) comprising the following amino acid 
sequence N-terminal: His-His-Asn-Gly-Thr-Asn-Gly-Thr-Met-Met-Gln-Tyr-Phe-Glu-Trp- 
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Tyr-Uu-Pro-Asn-Asp (SEQ ID No. 3) or an a-amylase being at least 80% homologous 
with the amino acid sequence shown (SEQ ID No. 3) in the N-terminal and/or; 

(v) a-amylase according to (i-iv) wherein the a-amylase is obtainable 
from an alkaiophilic Bacillus species and/or; 

(vi) a-amylase according to (v) wherein the amylase is obtainable from any 
of the strains NCIB 12289, NCIB 12512, NCIB 12513 and DSM 935 and/or; 

(vii) a-amylase showing positive immunological cross-reactivity with 
antibodies raised against an a-amylase having an amino acid sequence corresponding 
respectively to SEQ ID No. 1, ID No. 2, or ID No. 3 and/or; 

(viii) variant of a parent a-amylase, wherein the parent a-amylase (1) has 
one of the amino acid sequences shown in SEQ ID No. 1 , ID No. 2, or ID No. 4, 
respectively, or (2) displays at least 80% homology with one or more of said amino acid 
sequences, and/or displays immunological cross-reactivity with an antibody raised against 
an a-amylase having one of said amino acid sequences, and/or is encoded by a DNA 
sequence which hybridizes with the same probe as a DNA sequence encoding an a- 
amylase having one of said amino acid sequences, in which variants: (A) at least one 
amino acid residue of said parent a-amylase has been deleted; and/or (B) at least one 
amino acid residue of said parent a-amylase has been replaced by a different amino acid 
residue; and/or (C) at least one amino acid residue has been inserted relative to said parent 
a-amylase; said variant having an a-amylase activity and exhibiting at least one of the 
following properties relative to said parent a-amylase: increased thermostability; 
increased stability towards oxidation; reduced Ca ion dependency; increased stability 
and/or a-amylolytic activity at neutral to relatively high pH values; increased a-amylolytic 
activity at relatively high temperature; and increase or decrease of the isoelectric point (pi) 
so as to better match the pi value for a-amylase variant to the pH of the medium; and 

(c) one or more cleaning adjunct materials. 

1 9. The personal cleansing composition according to Claim 1 8 wherein said personal 
cleansing composition comprises: 

(a) from about 0.00 1 % to about 5%, preferably from about 0.00 1 % to about 
2%, more preferably from about 0.002% to about 0.8% by weight of said protease variant; 

(b) from about 0.0001% to about 0.1% by weight of the personal cleansing 
composition of said amylase variant; and 

(c) from about 0. 1 % to about 95% by weight of a surfactant system preferably 
comprising a surfactant selected from the group consisting of anionic carboxylates, amine 
oxides, alkyl glucosides, glucose amides, alley] sulfates, alkyl ether sulfates, acyl 
isethionates, alkyl sulfosuccinates, alkyl phosphate esters, ethoxylated phosphate esters. 



<SDOCID: <WO 99£0723A2_IA> 



wo 99/20723 



PCT/US98/22486 



146 

alkyl glyceryl ether sulfonates and mixtures thereof, more preferably comprising a 
surfactant selected from the group consisting of soaps, acylglutamates, alkyl sarcosinates, 
lauramine oxides, cocamine oxides, cocamindopropylamine oxides, decylglucosides, lauryl 
sulfates, laureth sulfates, C12.18 acyl isethionates and mixtures thereof; and 

(d) optionally, from about 0.05% to about 50% by weight of an enzyme 
stabilizer. 

20. The personal cleansing composition according to Claim 19 wherein said surfactant 
is soap at a level of at least about 2%, preferably at least about 10%, more preferably at 
least about 25% by weight of the cleaning composition. 

21. The personal cleansing composition according to Claim 20 wherein the ratio of 
soap to protease variant is from about 2,000: 1 to about 8:1, preferably from about 400: 1 to 
about 40: 1 . 

22. A method for personal cleansing, said method comprising contacting a part of the 
human or lower animal body in need of cleaning with a cleaning composition according to 
Claim 18. 

23. A fabric and/or dishwashing and/or hard surface cleaning composition comprising: 

(a) an effective amount of a protease variant wherein said protease variant includes 
a substitution of an amino acid residue with another naturally occurring amino acid residue 
at one or more amino acid residue positions corresponding to positions 62, 212, 230, 232, 
252 and 257 of Bacillus amyloliquefaciens subtilisin; 

(b) an amylase variant wherein said amylase variant is selected from the group 
consisting of: 

(i) a-amylase characterized by having a specific activity at least 25% 
higher than the specific activity of Termamyl® at a temperature range of 25*'C to 55°C and 
at a pH value in the range of 8 to 1 0, measured by Phadebas® a-amylase activity assay 
and/or; 

(ii) a-amylase according to (i) comprising the amino acid sequence shown 
in SEQ ID No. 1 or an a-amylase being at least 80% homologous with the amino acid 
sequence shown in SEQ ID No. 1 and/or; 

(iii) a-amylase according to (i) comprising the amino acid sequence shown 
in SEQ ID No. 2 or an a-amylase being at least 80% homologous with the amino acid 
sequence shown in SEQ ID No. 2 and/or; 
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(iv) a-amylase according to (i) comprising the following amino acid 
sequence N-terminal: His-His-Asn-Gly-Thr-Asn-Gly-Thr-Met-Met-Gln-Tyr-Phe-Glu-Trp- 
Tyr-Leu-Pro-Asn-Asp (SEQ ID No. 3) or an a-amylase being at least 80% homologous 
with the amino acid sequence shown (SEQ ID No. 3) in the N-terminal and/or; 

(v) a-amylase according to (i-iv) wherein the a-amylase is obtainable 
from an alkalophilic Bacillus species and/or; 

(vi) a-amylase according to (v) wherein the amylase is obtainable from any 
of the strains NCIB 12289, NCIB 12512, NCIB 12513 and DSM 935 and/or; 

(vii) a-amylase showing positive immunological cross-reactivity with 
antibodies raised against an a-amylase having an amino acid sequence corresponding 
respectively to SEQ ID No. 1, ID No. 2, or ID No. 3 and/or; 

(viii) variant of a parent a-amylase, wherein the parent a-amylase (1) has 
one of the amino acid sequences shown in SEQ ID No. 1, ID No. 2, or ID No. 4, 
respectively, or (2) displays at least 80% homology with one or more of said amino acid 
sequences, and/or displays immunological cross-reactivity with an antibody raised against 
an a-amylase having one of said amino acid sequences, and/or is encoded by a DNA 
sequence which hybridizes with the same probe as a DNA sequence encoding an a- 
amylase having one of said amino acid sequences, in which variants: (A) at least one 
amino acid residue of said parent a-amylase has been deleted; and/or (B) at least one 
amino acid residue of said parent a-amylase has been replaced by a different amino acid 
residue; and/or (C) at least one amino acid residue has been inserted relative to said parent 
a-amylase; said variant having an a-amylase activity and exhibiting at least one of the 
following properties relative to said parent a-amylase: increased thermostability; 
increased stability towards oxidation; reduced Ca ion dependency; increased stability 
and/or a-amylolytic activity at neutral to relatively high pH values; increased a-amylolytic 
activity at relatively high temperature; and increase or decrease of the isoelectric point (pi) 
so as to better match the pi value for a-amylase variant to the pH of the medium; and 

(c) one or more cleaning adjunct materials. 

24. The cleaning composition according to Claim 23 wherein said protease variant is 
derived from a Bacillus subtilisin, preferably Bacillus lentus subtilisin or subtilisin 309. 

25. The cleaning composition according to Claim 23 wherein said protease variant 
includes substitutions of the amino acid residues at one or more of the following positions 
selected from the group consisting of: 

1) position 62 and at one or more of the following positions 103, 104, 109, 159, 
213, 232, 236, 245, 248 and 252; 
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2) position 212 and at one or more of the following positions 12, 98, 102, 103, 104, 
1 59, 232, 236, 245, 248 and 252; 

3) position 230 and at one or more of the following positions 68, 103, 104, 159, 
232, 236 and 245; 

4) position 232 and at one or more of the following positions 12, 61, 62, 68, 76, 97, 
98, 101, 102, 103, 104, 109, 130, 131, 159, 183, 185,205, 209,210,212,213,217, 230, 
236, 245, 248, 252, 257, 260, 270 and 275; 

5) position 232 and at one or more of the following positions 103, 104, 236 and 

245; 

6) positions 232 and 1 03 and at one or more of the following positions 12, 61, 62, 
68,76, 97, 98, 101, 102, 103, 104, 109, 130, 131, 159, 183, 185,205,209,210,212,213, 
217, 230, 236, 245, 248, 252, 257, 260, 270 and 275; 

7) positions 232 and 104 and at one or more of the following positions 12, 61, 62, 
68,76, 97, 98, 101, 102, 103, 104, 109, 130, 131, 159, 183, 185,205,209,210,212,213, 
217, 230, 236, 245, 248, 252, 257, 260, 270 and 275; 

8) positions 232 and 236 and at one or more of the following positions 12, 61, 62, 
68, 76, 97, 98, 101, 102, 103, 104, 109, 130, 131. 159, 183, 185, 205, 209, 210, 212, 213, 
217, 230, 236, 245, 248, 252, 257, 260, 270 and 275; 

9) positions 232 and 245 and at one or more of the following positions 12, 61, 62, 
68, 76, 97, 98, 101, 102, 103, 104, 109, 130, 131, 159, 183, 185,205,209,210,212,213, 
217, 230, 236, 245, 248, 252, 257, 260, 270 and 275; 

10) positions 232, 103, 104, 236 and 245 and at one or more of the following 
positions 12, 61, 62, 68, 76, 97. 98, 101. 102, 103, 104, 109, 130, 131, 159, 183, 185, 205, 
209, 210, 212, 213, 217, 230, 236, 245, 248, 252, 257, 260, 270 and 275; 

1 1) position 252 and at one or more of the following positions 12, 61, 62, 68, 97, 
98. 101, 102, 103, 104, 109, 130, 131, 159, 183, 185, 210, 212, 213, 217, 232, 236. 245, 
248 and 270; 

12) position 252 and at one or more of the following positions 103. 104, 236 and 

245; 

13) positions 252 and 103 and at one or more of the following positions 12, 61, 62, 
68,97, 98, 101, 102, 103, 104, 109, 130, 131, 159, 183, 185,210,212,213,217, 232, 236, 
245, 248 and 270; 

14) positions 252 and 104 and at one or more of the following positions 12, 61, 62, 
68,97. 98. 101. 102, 103, 104, 109, 130, 131, 159, 183, 185,210,212,213,217, 232,236, 
245, 248 and 270; 
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15) positions 252 and 236 and at one or more of the following positions 12, 61 , 62, 
68,97,98, 101, 102, 103, 104, 109, 130, 131, 159, 183, 185,210,212,213,217,232, 236, 
245, 248 and 270; 

16) positions 252 and 245 and at one or more of the following positions 12, 61, 62, 
68, 97, 98, 101, 102, 103, 104, 109, 130, 131, 159, 183, 185,210,212,213,217,232, 236, 
245, 248 and 270; 

17) positions 252, 103, 104, 236 and 245 and at one or more of the following 
positions 12, 61, 62, 68, 97, 98, 101, 102, 103, 104, 109, 130, 131, 159, 183, 185, 210, 212, 
213, 217, 232, 236, 245, 248 and 270; 

18) position 257 and at one or more of the following positions 68, 103, 104, 205, 
209, 210, 232, 236, 245 and 275. 

26. The cleaning composition according to Claim 23 wherein said protease variant 
includes a substitution set selected from the group consisting of: 

12/102/103/104/159/212/232/236/245/248/252; 61/68/103/104/159/232/236/245/248/252; 
62/1 03/1 04/1 30/1 59/2 13/232/236/245/248/252; 62/1 03/104/1 59/2 13/232/236/245/248/252; 
62/103/104/109/159/213/232/236/245/248/252; 62/103/104/159/232/236/245/248/252; 
62/1 01/1 03/1 04/1 59/2 12/2 1 3/232/236/245/248/252; 
68/103/104/159/232/236/245/248/252/270; 

68/1 03/1 04/1 59/1 85/232/236/245/248/252; 68/1 03/1 04/1 59/2 1 0/232/236/245/248/252; 
68/103/104/159/185/210/232/236/245/248/252; 68/103/104/159/213/232/236/245/248/252; 
68/1 03/1 04/1 59/230/232/236/245; 68/76/1 03/1 04/1 59/209/232/236/245; 

68/1 03/ 1 04/232/236/245/248/257/275; 68/1 03/1 04/2 1 3/232/236/245/248/252; 

68/1 03/104/1 59/232/236/245/248/252; 68/1 03/1 04/1 59/209/232/236/245; 

68/76/1 03/104/1 59/232/236/245; 68/1 03/1 04/1 59/232/236/245/252; 

68/1 03/1 04/1 59/232/236/245; 68/1 03/104/1 59/232/236/245/257; 

68/76/1 03/1 04/1 59/2 1 1/232/236/245; 68/76/1 03/1 04/1 59/2 1 5/232/236/245; 

68/1 03/104/1 59/2 1 0/232/236/245; 68/1 03/1 04/1 59/21 3/232/236/245/260; 

68/76/1 03/1 04/1 59/2 1 3/232/236/245/260; 68/76/1 03/1 04/1 59/2 1 0/232/236/245/260; 

68/103/104/159/183/232/236/245/248/252; 68/103/104/232/236/245/257/275; 
68/103/104/159/213/232/236/245; 76/103/1 04/159/232/236/245; 

76/1 03/104/1 59/2 1 3/232/236/245/260; 76/1 03/1 04/13 1/1 59/232/236/245/248/252; 

97/103/104/159/232/236/245/248/252; 98/103/104/159/232/236/245/248/252; 
98/102/103/104/159/212/232/236/245/248/252; 101/103/104/159/232/236/245/248/252; 
1 02/1 03/104/1 59/232/236/245/248/252; 1 03/1 04/1 59/232/236/245; 

1 03/1 04/1 59/248/252/270; 1 03/1 04/1 59/232/236/245/248/252; 

103/104/159/205/209/232/236/245/257 103/104/159/232/245/248/252; 
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1 03/1 04/1 59/205/209/21 0/232/236/245/257; 1 03/1 04/1 59/21 3/232/236/245/248/252; 
1 03/1 04/1 59/2 1 7/232/236/245/248/252; 103/1 04/1 30/1 59/232/236/245/248/252! 

1 03/1 04/1 3 1/1 59/232/236/245/248/252; 1 03/1 04/1 59/205/209/232/236/245; and 

1 03/1 04/1 59/232/236/245/257. 

27. The cleaning composition according to Claim 26 wherein said protease variant 
includes a substitution set selected from the group consisting of: 

1 2R/1 02A/1 03 A/1 041/1 59D/2 1 2G/232 V/236H/245R/248D/252K; 

6 1 E/68A/1 03 A/1 041/1 59D/232V/236H/245R/248D/252K; 
62D/1 03A/1 041/1 09R/1 59D/2 1 3R/232V/236H/245R/248D/252K; 
62D/1 03 A/1 041/1 59D/2 13R/232V/236H/245R/248D/252K; 
62D/103A/104I/159D/232V/236H/245R/248D/252K; 
62D/103A/1041/130G/159D/213R/232V/236H/245R/248D/252K; 
62D/1 0 1 G/1 03 A/1 041/1 59D/2 1 2G/2 1 3R/232V/236H/245R/248D/252K; 
68A/76D/1 03 A/1 041/1 59D/2 1 3R/232V/236H/245R/260A; 
68A/76D/103A/104I/159D/210I/232V/236H/245R/260A; 
68A/103A/104I/159D/183D/232V/236H/245R/248D/252K; 
68A/1 03 A/1 041/1 59D/209W/232V/236H/245R; 
68A/76D/1 03 A/1 041/1 59D/2 1 1 R/232 V/236H/245R; 
68A/76D/1 03A/1 041/1 59D/2 15R/232V/236H/245R; 
68A/103 A/1 041/1 59D/2 13R/232V/236H/245R/260A; 
68A/76D/1 03A/1 041/1 59D/232V/236H/245R; 
68A/103A/104I/159D/232V/236H/245R/252K; 

68A/1 03A/1 041/1 59D/232V/236H/245R; 
68A/103A/1 041/1 59D/232V/236H/245R/257V; 
68A/1 03A/1 041/1 59D/1 85D/232V/236H/245R/248D/252K; 
68A/1 03 A/1 041/1 59D/2 1 0L/232V/236H/245R/248D/252K; 
68A/1 03 A/1 041/1 59D/1 85D/2 1 0L/232V/236H/245R/248D/252K; 
68A/1 03 A/ 1 041/ 1 59D/2 1 3E/232 V/236H/245R/248D/252K; 
68A/103A/1 041/1 59D/230V/232V/236H/245R; 
68A/76D/1 03A/1 041/1 59D/209W/232V/236H/245R; 
68A/103A/104I/232V/236H/245R/248D/257V/275H; 

68A/1 03 A/1 04I/232V/236H/245R/257V/275H; 
68A/1 03A/1 04I/213E/232V/236H/245R/248D/252K; 
68A/103A/104I/159D/232V/236H/245R/248D/252K; 
68A/1 03 A/1 041/1 59D/2 1 0I/232V/236H/245R; 
68A/1 03A/1 041/1 59D/2 10L/232V/236H/245R; 
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68A/1 03A/1 041/1 59D/2 1 3G/232V/236H/245R; 
68A/1 03 A/1 041/1 59D/232V/236H/245R/248D/252K/270A; 

76D/1 03A/1 041/1 59D/232V/236H/245R; 
76D/] 03A/104I/13 1 V/159D/232V/236H/245R/248D/252K; 
76D/1 03 A/1 041/1 59D/2 1 3R/232V/236H/245R/260A; 
97E/1 03A/1041/1 59D/232V/236H/245R/248D/252K; 
98L/1 03 A/l 041/1 59D/232V/236H/245R/248D/252K; 
98L/ 1 02A/ 1 03 A/1 041/1 59D/2 1 2G/232V/236H/245R/248D/252K; 
1 0 1 G/ 1 03 A/1 041/1 59D/232 V/236H/245R/248D/252K; 
1 02A/1 03 A/1041/1 59D/232V/236H/245R/248D/252K; 

1 03 A/1 041/1 59D/232V/236H/245R/248D/252K; 
1 03 A/1 041/1 59D/2 1 3R/232V/236H/245R/248D/252K; 
1 03 A/1 041/1 30G/1 59D/232 V/236H/245R/248D/252K; 
1 03A/1 041/1 59D/21 7E/232V/236H/245R/248D/252K; 
1 03A/1 041/1 59D/248D/252K/270V; 
1 03 A/1 041/1 59D/232V/236H/245R; 
1 03 A/1 041/1 59D/2051/209W/232V/236H/24 5R; 
1 03A/1 041/1 59D/232V/236H/245R/257V; 
1 03A/1 041/159D/205I/209W/232V/236H/245R/257V; 
1 03 A/1 041/13 1V/159D/232V/236H/245R/248D/252K; 
1 03A/1 041/1 59D/205I/209W/2 1 0I/232V/236H/245R/257V; and 
1 03 A/1 041/1 59D/232V/245R/248D/252K. 

28. The cleaning composition according to Claim 23 wherein said cleaning adjunct 
materials are selected from the group consisting of surfactants, solvents, buffers, enzymes, 
soil release agents, clay soil removal agents, dispersing agents, brighteners, suds 
suppressors, fabric softeners, suds boosters, enzyme stabilizers, builders, other bleaching 
agents, dyes, perfumes, chelants and mixtures thereof 

29. The cleaning composition according to Claim 28 wherein said cleaning adjunct 
materials comprise at least one detersive surfactant, preferably a branched surfactant, more 
preferably a mid-chained branched surfactant. 

30. The cleaning composition according to Claim 28 wherein the cleaning adjunct 
materials comprise at least about 0.1% surfactant by weight of the composition, said 
surfactant comprising materials selected from the group consisting of alkyi benzene 
sulfonates, primary alkyl sulfates, secondary alkyI sulfates, alkyl alkoxy sulfates, alkyI 
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alkoxy carboxylates, alkyl polyglycosides and their corresponding sulfated polyglycosides, 
alpha-sulfonated fatty acid esters, alkyl and alkyl phenol alkoxylates, betaines and 
sulfobetaines, amine oxides, N-methyl glucamides, nonionic primary alcohol ethoxylates, 
nonionic primary alcohol mixed ethoxy/propoxy, and mixtures thereof 

3 1 . The cleaning composition according to Claim 30 further comprising at least about 
5% builder selected from the group consisting of zeolites, polycarboxylates, layered 
silicates, phosphates, and mixtures thereof. 

32. The cleaning composition according to Claim 28 wherein said cleaning adjunct 
materials comprise at least one detersive enzyme selected from the group consisting of 
cellulases, lipases, amylases, phospholipases, other proteases, peroxidases and mixtures 
thereof. 

33. The cleaning composition according to Claim 28 wherein said cleaning adjunct 

materials comprise at least one bleaching agent preferably selected from the group 

consisting of percarbonates, perborates and mixtures thereof, and optionally further 

comprising at least one bleach activator preferably selected from the group consisting of 

benzoyloxybenzenesulphonate (BOBS), nonanoyloxybenzenesulphonate (NOBS), 
decanoyloxybenzenesulphonate (C]o-OBS), octanoyloxybenzenesulphonate (Cg-OBS), 

perhydrolyzable esters, 4-[N-(nonaoyl) amino hexanoyloxyj-benzene sulfonate sodium salt 
(NACA-OBS), lauiyloxybenzenesulphonate (LOBS or C12-OBS), 10- 
undecenoyloxybenzenesulfonate (UDOBS or Cj |-OBS with unsaturation in the 10 

position), and decanoyloxybenzoic acid (DOBA) and mixtures thereof, and further 
optionally comprising a bleach catalyst, preferably 3-(3,4-dihydroisoquinolinium) propane 
sulfonate. 

34. The cleaning composition according to Claim 23 wherein said cleaning 
composition is a fabric cleaning composition, preferably in the form of a liquid, granule, 
bar, tablet, gel, powder or foam, comprising at least about 5% surfactant and at least about 
5% builder by weight of the composition. 

35. The cleaning composition according to Claim 23 wherein said cleaning 
composition is a fabric cleaning composition comprising: 

(a) from about 0.0001% to about 10% by weight of said protease variant; 

(b) from about 0.000 1 % to about 0.1% by weight of the fabric cleaning 
composition of said amylase variant; 
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(c) at least about 5% by weight of a surfactant preferably selected from the 
group consisting of alkyl benzene sulfonates, primary alkyl sulfates, secondary alkyl 
sulfates, alkyl alkoxy sulfates, alkyl alkoxy carboxylates, alkyl polyglycosides and their 
corresponding sulfated polyglycosides, alpha-sulfonated farry acid esters, alkyl and alkyl 
phenol alkoxylates, betaines and sulfobetaines, amine oxides, N-methyl glucamides, 
nonionic primary alcohol ethoxylates, nonionic primary alcohol mixed ethoxy/propoxy, and 
mixtures thereof; and wherein further the builder is selected from the group consisting of 
zeolites, polycarboxylates, layered silicates, phosphates, and mixtures thereof; and 

(d) at least about 5% by weight of a builder preferably selected from the group 
consisting of zeolites, polycarboxylates, layered silicates, phosphates, and mixtures thereof. 

36. The cleaning composition according to Claim 35 is in the form of a concentrated 
granular fabric cleaning composition comprising at least about 15% surfactant. 

37. A method for cleaning fabric, said method comprising contacting a fabric in need 
of cleaning with a cleaning composition according to Claims 34 or 35. 

38. The cleaning composition according to Claim 23 wherein said cleaning 
composition is a dishwashing composition, preferably in the form of a liquid, granule, 
powder, gel or tablet, comprising: 

(a) from about 0.0001% to about 10% by weight of said protease variant; and 

(b) from about 0.1% to about 10% by weight of a surfactant. 

39. A method for cleaning dishes, said method comprising contacting a dish in need of 
cleaning with a cleaning composition according to Claim 38. 

40. A personal cleansing composition comprising: 

(a) an effective amount of a protease variant wherein said protease variant includes 
a substitution of an amino acid residue with another naturally occurring amino acid residue 
at one or more amino acid residue positions corresponding to positions 62, 212, 230, 232, 
252 and 257 of Bacillus amyloliquefaciens subtilisin; 

(b) an amylase variant wherein said amylase variant is selected from the group 
consisting of: 

(i) a-amylase characterized by having a specific activity at least 25% 
higher than the specific activity of Termamyl® at a temperature range of 25**C to SS'^C and 
at a pH value in the range of 8 to 10, measured by Phadebas® a-amylase activity assay 
and/or; 
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(ii) a-amylase according to (i) comprising the amino acid sequence shown 
in SEQ ID No. 1 or an a-amylase being at least 80% homologous with the amino acid 
sequence shown in SEQ ID No. 1 and/or; 

(iii) a-amylase according to (i) comprising the amino acid sequence shown 
in SEQ ID No. 2 or an a-amylase being at least 80% homologous with the amino acid 
sequence shown in SEQ ID No. 2 and/or; 

(iv) a-amylase according to (i) comprising the following amino acid 
sequence N-terminal: His-His-Asn-Gly-Thr-Asn-GIy-Thr-Met-Met-Gln-Tyr-Phe-Glu-Trp- 
Tyr-Leu-Pro-Asn-Asp (SEQ ID No. 3) or an a-amylase being at least 80% homologous 
with the amino acid sequence shown (SEQ ID No. 3) in the N-terminal and/or; 

(v) a-amylase according to (i-iv) wherein the a-amylase is obtainable 
from an alkalophilic Bacillus species and/or; 

(vi) a-amylase according to (v) wherein the amylase is obtainable from any 
of the strains NCIB 12289, NCIB 12512, NCIB 12513 and DSM 935 and/or; 

(vii) a-amylase showing positive immunological cross-reactivity with 
antibodies raised against an a-amylase having an amino acid sequence corresponding 
respectively to SEQ ID No. 1, ID No. 2, or ID No. 3 and/or; 

(viii) variant of a parent a-amylase, wherein the parent a-amylase (1 ) has 
one of the amino acid sequences shown in SEQ ID No. 1 , ID No. 2, or ID No. 4, 
respectively, or (2) displays at least 80% homology with one or more of said amino acid 
sequences, and/or displays immunological cross-reactivity with an antibody raised against 
an a-amylase having one of said amino acid sequences, and/or is encoded by a DNA 
sequence which hybridizes with the same probe as a DNA sequence encoding an a- 
amylase having one of said amino acid sequences, in which variants: (A) at least one 
amino acid residue of said parent a-amylase has been deleted; and/or (B) at least one 
amino acid residue of said parent a-amylase has been replaced by a different amino acid 
residue; and/or (C) at least one amino acid residue has been inserted relative to said parent 
a-amylase; said variant having an a-amylase activity and exhibiting at least one of the 
following properties relative to said parent a-amylase: increased thermostability; 
increased stability towards oxidation; reduced Ca ion dependency; increased stability 
and/or a-amylolytic activity at neutral to relatively high pH values; increased a-amylolytic 
activity at relatively high temperature; and increase or decrease of the isoelectric point (pl) 
so as to better match the pi value for a-amylase variant to the pH of the medium; and 

(c) one or more cleaning adjunct materials. 

41. The personal cleansing composition according to Claim 40 wherein said personal 
cleansing composition comprises: 
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(a) from about 0.001% to about 5%, preferably from about 0.001% to about 
2%, more preferably from about 0.002% to about 0.8% by weight of said protease variant; 

(b) from about 0.0001% to about 0.1% by weight of the personal cleansing 
composition of said amylase variant; and 

(c) from about 0.1% to about 95% by weight of a surfactant system preferably 
comprising a surfactant selected from the group consisting of anionic carboxylates, amine 
oxides, alkyl glucosides, glucose amides, alkyl sulfates, alkyl ether sulfates, acyl 
isethionates, alkyl sulfosuccinates, alkyl phosphate esters, ethoxylated phosphate esters, 
alkyl glyceryl ether sulfonates and mixtures thereof, more preferably comprising a 
surfactant selected from the group consisting of soaps, acylglutamates, alkyl sarcosinates, 
lauramine oxides, cocamine oxides, cocamindopropylamine oxides, decylglucosides, lauryl 
sulfates, laureth sulfates, C12-I8 acyl isethionates and mixtures thereof; and 

(d) optionally, from about 0.05% to about 50% by weight of an enzyme 
stabilizer. 

42. The personal cleansing composition according to Claim 41 wherein said surfactant 
is soap at a level of at least about 2%, preferably at least about 1 0%, more preferably at 
least about 25% by weight of the cleaning composition. 

43. The personal cleansing composition according to Claim 42 wherein the ratio of 
soap to protease variant is from about 2,000:1 to about 8:1, preferably from about 400:1 to 
about 40: 1 . 

44. A method for personal cleansing, said method comprising contacting a part of the 
human or lower animal body in need of cleaning with a cleaning composition according to 
Claim 40. 

45. A method for pretreating a fabric in need of cleaning, said method comprising 
contacting said fabric prior to washing said fabric with an aqueous solution containing a 
surfactant with a bleaching composition according to Claims 12 or 13. 

46. A method for pretreating a fabric in need of cleaning, said method comprising 
contacting said fabric prior to washing said fabric with an aqueous solution containing a 
surfactant with a bleaching composition according to Claims 34 or 35. 
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SEQUENCE DESCRrPTION : SEQ ID No. 1 

His His Asn Gly Thr Asn Gly Thr Met Met Gin Tyr Phe Glu Trp Tyr 

15 10 15 

Leu Pro Asn Asp Gly Asn His Trp Asn Arg Leu Arg Asp Asp Ala Ala 

20 25 30 

Asn Leu Lys Ser Lys Gly lie Thr Ala Val Trp He Pro Pro Ala Trp 

35 40 ^ 45 

Lys Gly Thr Ser Gin Asn Asp Val Gly Tyr GJy Ala Tyr Asp Leu Tyr 

50 55 60 

Asp Leu Gly Glu Phe Asn Gin Lys Gly Thr Val Arg Thr Lys Tyr Gly 
65 70 75 80 

Thr Arg Asn Gin Leu Gin Ala Ala Val Thr Ser Leu Lys Asn Asn Gly 

85 90 95 

lie Gin Val Tyr Gly Asp Val Val Met Asn His Lys Gly Gly Ala Asp 

100 105 110 

Gly Thr Giu lie Val Asn Ala Val Glu Val Asn Arg Ser Asn Arg Asn 

115 120 125 

Gin Glu Thr Ser Gly Glu Tyr Ala lie Glu Ala Trp Thr Lys Phe Asp 

130 135 140 

Phe Pro Gly Arg Gly Asn Asn His Ser Ser Phe Lys Trp Arg Trp Tyr 
145 150 155 160 

His Phe Asp Gly Thr Asp Trp Asp Gin Ser Arg Gin Leu Gin Asn Lys 

165 170 175 

He Tyr Lys Phe Arg Gly Thr Gly Lys Ala Trp Asp Trp Glu Val Asp 

180 185 190 

Thr Glu Asn Gly Asn Tyr Asp Tyr Leu Met Tyr Ala Asp Va» Asp Met 

195 200 205 

Asp His Pro Glu Val lie His Glu Leu Arg Asn Trp Giy Val Trp Tyr 

210 215 220 

Thr Asn Thr Leu Asn Leu Asp Gly Phe Arg lie Asp Ala Val Lys His 
225 230 235 240 

lie Lys Tyr Ser Phe Thr Arg Asp Trp Leu Thr His Val Arg Asn Thr 

245 250 255 

Thr Gly Lys Pro Met Phe Ala Val Ala Glu Phe Trp Lys Asn Asp Leu 
260 265 270 
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Giy Ala lie Glu Asn Tyr Leu Asn Lys Thr Ser Trp Asn His Ser Val 

275 280 285 

Phe Asp Val Pro Leu His Tyr Asn Leu Tyr Asn Ata Ser Asn Ser Gly* 

290 295 300 

Gly Tyr Tyr Asp Met Arg Asn he Leu Asn Gly Ser Val Val Gin Lys 
305 310 315 320 

His Pro Thr His Ala Val Thr Phe Val Asp Asn His Asp Ser Gin Pro 
325 - 330 335 

Giy Giu Ala Leu Glu Ser Phe Val Gin Gin Trp Phe Lys Pro Leu Ala 

340 345 350 

Tyr Ala Leu Val leu Thr Arg Glu Gin Giy Tyr Pro Ser Val Phe Tyr 

355 360 365 

Gly Asp Tyr Tyr Gly lie Pro Thr His Gly Val Pro Ala Met Lys Ser 

370 375 380 

Lys lie Asp Pro leu Leu Gin Ala Arg Gin Thr Phe Ala Tyr Gly Thr 
385 390 395 400 

Gin His Asp Tyr Phe Asp His His Asp lie He Gly Trp Thr Arg Glu 

405 410 415 

Gly Asn Ser Ser His Pro Asn Ser Gly Leu Ala Thr lie Met Ser Asp 

420 425 430 

Giy Pro Gly Gly Asn Lys Trp Met Tyr Val Gly Lys Asn Lys Ala Gly 

435 440 445 

Gin Val Trp Arg Asp lie Thr Gly Asn Arg Thr Giy Thr Val Thr He 

450 455 460 

Asn Ala Asp Gly Trp Gly Asn Phe Ser Val Asn Giy Gly Ser Val Ser 
465 470 475 480 

Val Trp Val Lys Gin 

485 



aSDOCtD: <WO 9920723A2_IA> 



wo 99/20723 PCT/US98/22486 

3 

SEQUENCE DESCRIPTION : SEQ ID No. 2 

His His Asn Gly Thr Asn Gly Thr Met Met Gin Tyr Phe GJu Trp His 

1 5 10 15 

Leu Pro Asn Asp Gly Asn His Trp Asn Arg Leu Arg Asp Asp Ala Ser 

20 25 30 

Asn Leu Arg Asn Arg Gly lie Thr Ala lie Trp lie Pro Pro Ala Trp 

35 40 ^ 45 

Lys Gly Thr Ser Gin Asn Asp Val Gly Tyr Gly Ala Tyr Asp Leu Tyr 

50 55 60 

Asp Leu Gly Giu Phe Asn G\n Lys Gly Thr Val Arg Thr Lys Tyr Gly 

65 70 75 

Thr Arg Ser Gin Leu GIu Ser Ala lie His Ala Leu Lys Asn Asn Gly 
80 85 90 95 

Val Gin Va! Tyr Gly Asp Val Val Met Asn His Lys Gly Gly Ala Asp 

100 105 no 

Ala Thr GIu Asn Va! Leu Ala Val Glu Val Asn Pro Asn Asn Arg Asn 

115 120 125 

Gin Giu tie Ser Gly Asp Tyr Thr He Glu Ala Trp Thr Lys Phe Asp 

130 135 140 

Phe Pro Gly Arg Gly Asn Thr Tyr Ser Asp Phe Lys Trp Arg Trp Tyr 

145 150 155 

His Phe Asp Gly Val Asp Trp Asp Gin Ser Arg Gin Phe Gin Asn Arg 
160 165 170 175 

lie Tyr Lys Phe Arg Gly Asp Gly Lys Ala TrI Asp Trp Glu Val Asp 

180 185 190 

Ser Giu Asn Gly Asn Tyr Asp Tyr Leu Met Tyr Ala Asp Val Asp Met 

195 200 205 

Asp His Pro Glu Val Val Asn Glu Leu Arg Arg Trp Gly Glu Trp Tyr 

210 215 220 

Thr Asn Thr Leu Asn Leu Asp Gly Phe Arg lie Asp Ala Val Lys His 

225 230 235 

lie Lys Tyr Ser Phe Thr Arg Asp Trp Leu Thr His Val Arg Asn Ala 
240 245 250 255 

Thr Gly Lys Glu Met Phe Ala Val Ala Glu Phe Trp Lys Asn Asp Leu 
260 265 270 
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Gly Ala Leu Glu Asn Tyr Leu Asn Lys Thr Asn Trp Asn His Ser Val 

275 280 285 

Phe Asp Val Pro Leu His Tyr Asn Leu Tyr Asn Ala Ser Asn Ser Gly 

290 295 , 300 

Gly Asn Tyr Asp Met Ala Lys Leu Leu Asn Gly Thr Val Val Gin Lys 

305 310 315 

His Pro Met His Ala Val Thr Phe Val Asp Asn His Asp Ser Gin Pro 
320 325 330 335 

Gly Glu Ser Leu Glu Ser Phe Val Gin Glu Trp Phe Lys Pro Leu Ala 

340 345 350 

Tyr Ala Leu lie Leu Thr Arg Giu Gin Gly Tyr Pro Ser Va! Phe Tyr 

355 360 365 

Giy Asp Tyr Tyr Gly lie Pro Thr His Ser Val Pro Ala Met Lys Ala 

370 375 380 

Lys He Asp Pro he Leu Glu Ala Arg Gin Asn Phe Ala Tyr Giy Thr 

385 390 395 

Gin His Asp Tyr Phe Asp His His Asn lie lie Giy Trp Thr Arg Glu 
400 405 410 415 

Gly Asn Thr Thr His Pro Asn Ser Giy Leu Ala Thr he Met Ser Asp 

420 425 430 

Gly Pro Gly Gly Glu Lys Trp Met Tyr Val Gly Gin Asn Lys Ala Gly 

435 440 445 

Gin Val Trp His Asp lie Thr Gly Asn Lys Pro Giy Thr Va! Thr he 

450 455 460 

Asn Ala Asp Gly Trp Ala Asn Phe Ser Val Asn Giy Gly Ser Val Ser 

465 470 475 

lie Trp Val Lys Arg 
480 
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SEQUENCE DESCRIPTION : SEQ ID No. 3 

His-His-Asn-6ly-Thr-Asn-G»v-Thr-Met-Met-Gln-Tyr-Phe-Glu-Trp-Tyr-Leu-Pro- 
Asn-Asp 
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SEQUENCE DESCRIPTION : SEQ ID No. 4 



AAPFNGTMMQ 
SRSDVGYGVY 

DWFDHKGGA 

YSSFKWR\AfYH 

TENGNYDYLM 

YADLDMDHPE 

VRSQTGKPLF 

SGGTFDMRTL 

YAFILTRQEG 

DYLDHSDIIG 

GKQHAGKVFY 

DLTGNRSDTV 

DEFVRWTEPR 



YFEWYLPDDG TLWTKVANEA NNLSSLGITA LWLPPAYKGT 

DLYDLGEFNQ KGAVRTKYGT KAQYLQAIQA 
AHAAGMQVYA 

DGTEWVDAVE VNPSDRNQEl SGTYQIQAWT KFDFPGRGNT 

FDGVDWDESR KLSRIYKFRG IGKAWDWEVD 



WTELXSWGK 

TVGEYWSYDl 

WTTNTLMKDQP 

WVDPWFKPLA 

YPCVFYGDYY 

NArrREGVTEICP 



WYVNTTMDG FRLDAVKHIK FSFFPDWLSD 

NKLHNYIMKT NGTMSLFDAP LHNKFYTASK 

TLAVTFVDNH DTEPGQALQS 

GIPQYNIPSL KSKIDPLLIA RRDYAYGTQH 

GSGLAALITD GPGGSKWMYV 



TINSDGWGEF KVhslGGSVSVW VPRKTTVSTI AWSITTRPWT 
LVAWP 
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(54) Title: MULTIPLY-SUBSTTTUTED PROTEASE VARIANT AND AMYLASE VARIANT-CONTAINING CLEANING 
COMPOSITIONS 

(57> Abstract: The present invention relates to cleaning compositions comprising a protease variant. One cleaning composition 
comprises a protease variant including a substimtion of an amino acid residue with another naturally occumng ammo acid res,^^^^ 
at an amino acid residue position coiresponding to position 103 of Bacillus amyloliguefaciens subtihsm m combination with a sub- 
stitution of an amino acid residue with another naturally occurring amino acid residue at oiie or ^nore fmno ^^^^^^^^^^^^^ 
corresponding to positions 1, 3. 4, 8, 9, 10, 12, 13, 16, 17, 18, 19, 20 21, 22, 24, 27 33 37 38, 42 43. 48, 55. 57, 58, 6 62, 6 , 
72 75 76 77 78 79 86 87, 89, 97, 98, 99, 101, 102, 104, 106, 107, 109, 111, 114. 116, 117, 119, 121, 123, 126, 128, 130, 131. 
n3 nl ll?' ?5;)'m1 142 146. U7, 58, 159, 160, 166, 167, 170, 173, 174, 177, 181, 182, 183, 184, 185, 188. 192, 194, 19 , 
l}n 205' 206 209 210 211 2P 213 214, 215, 216, 217, 218. 222, 224, 227, 228, 230, 232, 236, 237, 238, 240, 242, 243, 
ITs 2S m 2^: 2^1: 2^2, 2^3, 2^4; 255. 256. 257, 258, 259, 26O, 26I, 262, 263, 265, 268. 269 270, 271 272 274 
and 275 of Bacillus amyloliguefaciens subtilisin; wherein when said protease variant includes a substitution of ammo ^^^^^^^^^^^^^^ 
at positions corresponding to positions 103 and 76. there is also a substitution of an ammo acid residue at one or ^ore^o aod 
residue positions other than amino acid residue positions corresponding to posmons 27. 99 101. 104. 107 109, 1^3, ^^^^^ 
206 '>10 216 217 218. 222, 260, 265 or 274 of5ac///i^ flmy/o/i^w^/ac/^^ 

Anotiier deaning composition comprises a protease variant including a substitution of an amino acid residue ^^th fnoth^ nat^y 
occurring amino acid residue at one or more amino acid residue positions coirespondmg to positions 62 212 230, -32, 252 a^ 
257 of Bacillus amyloliquefaciens subtilisin; an amylase variant and one or more cleaning adjunct materials. Methods for usmg the 
cleaning compositions are also provided. 
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